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A HETHODOLOGY FOR ASSESSING 
SYSTEMS ' MATERIALS REQUIREHENTS 

SUMMARY 

A p o t e n t i a l  s tumbl ing  block t o  new system planning  and des ign  i s  impre- 
cise,  confus ing ,  or c o n t r a d i c t o r y  data r e g a r d i n g  m a t e r i a l s - - t h e i r  a v a i l -  
a b i l i t y  and c o s t s .  A methodology i s  now a v a i l a b l e  t h a t  removes t h i s  
barrier by minimizing u n c e r t a i n t i e s  r ega rd ing  materials a v a i l a b i l i t y .  
Using t h i s  methodology, a p l anne r  can assess materials requi rements  more 
q u i c k l y ,  a t  lower c o s t ,  and with much g r e a t e r  conf idence  i n  t h e  r e s u l t s .  
Developed s p e c i f i c a l l y  f o r  ene rgy  systems,  i t s  p o t e n t i a l  a p p l i c a t i o n  i s  
much broader  . 
The Problem 

Hajor  new systems can  r e q u i r e  v a s t  q u a n t i t i e s  of materials. Technologi- 
c a l l y  advanced systems may r e q u i r e  more--sometimes much more--of c e r t a i n  
materials than  t h e  wor ld ' s  t o t a l  c u r r e n t  ou tput .  Major expansions of  
manufactur ing c a p a c i t y ,  even e n t i r e  new i n d u s t r i e s ,  may be needed t o  
meet t h e s e  new material  requirements .  O the r  ma te r i a l s - - r e l a t ed  f a c t o r s  
may a l s o  have t o  r e c e i v e  c a r e f u l  a t t e n t i o n  be fo re  a system des ign  i s  
f i n a l i z e d .  For exanp le ,  t h e  e x t e n t  t o  which supply  i s  dependent on im- 
p o r t s ,  p a r t i c u l a r l y  from one o r  two u n c e r t a i n  sou rces ,  can be cri t ical .  
Another v i t a l  f a c t o r  may be t h e  e f f e c t  t h a t  a sys tem's  impact on demand 
h a s  on world markets.  The c o s t s  of large q u a n t i t i e s  of s c a r c e  materials 
i s  a t h i r d  exanple.  There are more. 

- 

P o l i c y  makers,  p l anne r s  and e v a l u a t o r s ,  and des ign  eng inee r s  must d e a l  
w i t h  t h e s e  materials u n c e r t a i n t i e s .  They must assess t h e  requi rements  
of a s p e c i f i c  system and a l s o  compare t h e  requi rements  of  competing 
s y s t e m s  or competing t e c h n o l o g i e s  w i t h i n  a system. And, t hey  must be 
a b l e  t o  de te rmine  t h e  cumula t ive  e f f e c t s  of deve loping  two or more new 
systems i n  p a r a 1  lel. 

These e f f o r t s  have been hampered by t h e  l a c k  of a n  e s t a b l i s h e d ,  accept -  
ed ,  comparat ive methodology t h a t  can d e a l  wi th  t h e  broad scope of mate- 
r i a l s  u n c e r t a i n i t i e s .  Of t en ,  we l l - in t en t ioned  p l anne r s  have been unable  
t o  r e s o l v e  hones t  d i sagreements  t h a t  can  a r i se  s imply  because t h e i r  
a n a l y s e s  a re  n o t  based on i d e n t i c a l  da ta .  Communications breakdowns oc- 
c u r  and p o l a r i z a t i o n  can  r e s u l t .  

The S o l u t i o n  

Under t h e  d i r e c t i o n  and funding  of DOE'S S a t e l l i t e  Power System's  
P r o j e c t  O f f i c e ,  a methodology has  been developed t h a t  s o l v e s  many of 
t h e s e  problems. A t  i t s  h e a r t  i s  a n  automated d a t a  base c o n t a i n i n g  
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i n fo rma t ion  on t h e  raw and bulk materials ( i n c l u d i n g  energy consumption) 
from which new sys t ems ,  as w e l l  a s  t h e i r  components and subsystems,  are 
manufactured. The methodology i n c l u d e s  d a t a  and a l g o r i t h m s  t h a t  t e l l  
p l a n n e r s  and d e s i g n e r s  such  t h i n g s  as  how much expansion i n  capac i ty  
w i l l  be needed t o  produce t h e  p r o j e c t e d  q u a n t i t i e s  of each  mater ia l ,  how 
much of t h e  mater ia l  comes from abroad ,  and i t s  c o s t  p e r  u n i t  of system 
o u t p u t .  Materials t h a t  exceed c e r t a i n  t h r e s h o l d  v a l u e s  a r e  f l agged  t o  
h e l p  a s s u r e  t h a t  t h e y  w i l l  be s t u d i e d  more c l o s e l y .  

The methodology h a s  been tes ted and s u c c e s s f u l l y  a p p l i e d  t o  f o u r  pro- 
posed f u t u r e  energy p roduc t ion  systems.(l'4) I t  i s  now ready f o r  
wider  use .  

B e n e f i t s  

A p r i n c i p a l  b e n e f i t  of t h e  methodology i s  t h e  ease of performing "what- 
i f "  ana lyses .  P l a n n e r s ,  managers,  and d e s i g n e r s  c a n  a l l  q u i c k l y  d e t e r -  
mine t h e  e f f e c t s  o f ,  s a y ,  s u b s t i t u t i n g  one mater ia l  f o r  a n o t h e r ,  one 
component f o r  a n o t h e r ,  o r  one subsystem f o r  a n o t h e r .  Because such a n a l -  
y s e s  become r e l a t i v e l y  e a s y ,  t h e r e  s h o u l d  be less r e l u c t a n c e  t o  under- 
t a k e  them. T h i s  f a c t o r  a l o n e  can e n s u r e  more e f f i c i e n t ,  l e s s  c o s t l y  
s y s  terns. 

Use of t h e  methodology w i l l  a l s o :  

0 Provide a b e t t e r  b a s i s  f o r  decision-making 

0 Minimize u n c e r t a i n t i e s  r e g a r d i n g  materials a v a i l a b i l i t y  

e Prov ide  lead t i m e  i f  R&D o r  major expans ions  of  c a p a c i t y  
prove necessa ry  

I 

0 Guide d e c i s i o n s  a s  t o  t h e  u l t i m a t e  s i z e  and t iming  of new 
systems 

0 Raise t h e  s u c c e s s  p r o b a b i l i t y  of new systems v e n t u r e s  

0 Save t ime  and money by making a v a i l a b l e  a comprehensive 
mater ia l s  d a t a  base coupled t o  a n  automated d a t a  p r o c e s s i n g  
system. 

BACKGROUND 

Major new energy systems being s t u d i e d  t o  r e p l a c e  o r  supplement f o s s i l -  
f u e l  systems w i l l  have s i g n i f i c a n t  impac t s  on t h e  l i f e  of ou r  n a t i o n  and 
on many a s p e c t s  of our  p e r s o n a l  l i v e s .  Some of t h e s e  systems r e q u i r e  
huge amounts of i n c r e a s i n g l y  scarce land.  Most of them r e q u i r e  heavy 
c a p i t a l  investments .  I n  many cases,  i n t e r n a t i o n a l  agreements may be 
n e c e s s a r y ,  o f t e n  w i t h  m i l i t a r y  i m p l i c a t i o n s .  
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As a r e s u l t  of t hese  p o t e n t i a l  impacts ,  t h e r e  are many f a c t o r s  t h a t  re- 
q u i r e  c a r e f u l  a t t e n t i o n  i n  cons ider ing  new sys tems.  S o c i e t a l  impacts ,  
economic e f f e c t s ,  and environmental  concerns  must be weighed, t o g e t h e r  
w i t h  t h e  i s s u e  of p u b l i c  acceptance.  Governmental r e g u l a t i o n s ,  b u i l d i n g  
codes ,  and o t h e r  i n s t i t u t i o n a l  f a c t o r s  a l s o  r e q u i r e  c l o s e  s c r u t i n y .  M 
major importance among t h e s e  many concerns i s  c o n s i d e r a t i o n  of m a t e r i a l s  
requirements .  ?ast q i i a n t i t i e s  of m a t e r i a l s  can be needed--some of them 
rare, o t h e r s  c o s t l y ,  many a l r e a d y  i n  heavy demand. For example, one 
v e r s i o n  of t h e  proposed 300-gigawatt* S a t e l l i t e  Power System (SPS) 
w i l l  r e q u i r e  a lmost  900 m i l l i o n  metric t o n s  of bulk materials** (rang-  
ing from t h e  common, such  as sand and g r a v e l ,  t o  t h e  rare or e x o t i c ,  
such as  ga l l i um a r sen ide ) .  

During system development , t h e  i m p l i c a t i o n s  of materials r equ i r emen t s  
for ene rgy  systems are considered a t  t h r e e  levels--each wi th  a d i f f e r e n t  
pe r spec t ive .  P lanners  a t  t h e  p o l i c y  l e v e l ,  f o r  example, focus  on e i t h e r  
t h e  cumulat ive materials requirements  of s e v e r a l  t ypes  of systems,  such  
as  s o l a r ,  n u c l e a r ,  and f o s s i l  f u e l ,  o r  on d e c i s i o n s  i n v o l v i n g  compari- 
sons among competing sys tems,  t h e  “ e i t h e r / o r ”  s i t u a t i o n  ( F i g u r e  1). 

SPS NUCLEAR 

TERRESTRIAL 

TRADE-OFFS/COMPARlSONS CUMULATIVE 

FIGURE 1. POLICY LEVEL REQUIREMENTS 

*60 f ive-g igawat t  s a t e l l i t e s  

**An analogy can be drawn from t h e  automobile  i n d u s t r y :  900 m i l l i o n  
me t r i c  t ons  of bulk m a t e r i a l s  i s  e q u i v a l e n t  t o  t h e  cumula t ive  ou tpu t  
of t h e  e n t i r e  U.S. automobi le  i n d u s t r y  ( a t  10,000,000 c a r s  per y e a r )  
for over  60 yea r s !  
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A t  t h e  planning and e v a l u a t i o n  l e v e l  ( F i g u r e  2 ) ,  managers a n a l y z e  i n t r a -  
system requirements .  Examples might be mater ia l s  needed by a s i l i c o n -  
based SPS v e r s u s  one u s i n g  ga l l i um a r s e n i d e  t echno logy ,  or a c t i v e  v e r s u s  
p a s s i v e  s o l a r  t e r r e s t r i a l  systems. As a n a l y s e s  have a l r e a d y  shown, 
t h e r e  can be ve ry  s i g n i f i c a n t  d i f f e r e n c e s  i n  materials r equ i r emen t s  even 
between r e l a t i v e l y  s i m i l a r  s y s t e m s .  

0 INTRASYSTEM COMPARISONS 

GaAs Si 

PROGRAM SCENARIO VARIATIONS 

0 TECHNOLOGY DEVELOPMENT PLANNING 

FIGURE 2. PLANNING AND EVALUATION REQUIREMENTS 

F i n a l l y ,  e n g i n e e r i n g  d e s i g n e r s  perform t r ade -o f f  a n a l y s e s  t o  op t imize  a 
system's  d e s i g n  ( F i g u r e  3 ) .  Materials n u s t  be e v a l u a t e d  a l o n g  w i t h  
o t h e r  f a c t o r s  such as t e c h n i c a l  c h a r a c t e r i s t i c s  (e.g. ,  s t r e n g t h ,  a v a i l -  
a b i l i t y ,  cost ,  and weight)  b e f o r e  a d e s i g n  can  be f i n a l i z e d .  

STRUCTURAL MATERIALS EXAMPLE 

WEIGHT AVAl LAB1 LlTY 

FIGURE 3 .  ENGINEERING AND DESIGN REQUIREMENTS 
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There a r e  s e v e r a l  f a c t o r s  t h a t  can a f f e c t  t h e  cho ice  of materials, i n  
a d d i t i o n  t o  normal eng inee r ing  des ign  cons ide ra t ions .  These inc lude :  

0 A v a i l a b i l i t y  (bo th  U.S. and world)  
0 Source (domest ic  o r  f o r e i g n )  
0 c o s t s  

Inpac t  of s e l e c t i o n  on domestic and world markets 
0 Manufactur ing c a p a c i t y  
0 Q u a n t i t i e s  r equ i r ed .  * 

Other  f i c t r r r s  m s t  a lsn  hp c a r e f u l l y  studied--en~iro~ental impacts ,  
c a p i t a l  requi rements ,  energy payback, ba lance  of t r a d e  impacts ,  and R&D 
r equ i r enen t s .  Analyses t o  d a t e  haye shown t h a t  t h e r e  are many m a t e r i a l s  
whose u s e  would pose no concern ,  even though a new s y s t e m  may r e q u i r e  
l a r g e  q u a n t i t i e s .  Other m a t e r i a l s  ( a s  many as 50 p e r c e n t )  may raise 
some concern  as r e g a r d s  one or more of t h e  f a c t o r s  mentioned above. 
These materials r e q u i r e  f u r t h e r  a n a l y s i s .  T y p i c a l l y ,  such a n a l y s e s  
r e v e a l  t h a t  most of t h e s e  materials pose no s e r i o u s  concern. T h i s  
l e a v e s ,  t h e n ,  t h o s e  few materials whose u s e  may have s i g n i f i c a n t  i m -  
pac t s .  The problem then  i s  n o t  wi th  t h e  number of materials of con- 
c e r n  but  wi th  i d e n t i f y i n g  those  few m a t e r i a l s  of concern.  A systematic 
approach i s  needed t o  do t h i s  i n  a n  e f f i c i e n t  manner. 

Although t h e  needs f o r  materials d a t a  range from t h e  ve ry  broad t o  t h e  
ve ry  s p e c i f i c ,  t h e r e  i s  a common requirement  f o r  a n  e s t a b l i s h e d ,  accept -  
e d ,  comparat ive methodology t h a t  can s i m p l i f y  and speed up  t h e  l a b o r i o u s  
and expens ive  process  of comprehensive materials a s ses snen t s .  

I n  1976, DOE'S S a t e l l i t e  Power System's P r o j e c t  O f f i c e  c o n t r a c t e d  wi th  
B a t t e l l e  Memorial I n s t i t u t e  t o  develop such  a methodology.( l )  It now 
e x i s t s .  I t  has  been tested wi th  f o u r  energy s y s t e m s - - t e r r e s t r i a l  s o l a r  
p h o t o v o l t a i c s ( 2 ) ,  s o l a r  h e a t i n g  and coo l ing  of b u i l d i n g s ( 3 ) ,  s o l a r  
a g r i c u l t u r a l  and i n d u s t r i a l  p rocess  h e a t ( 3 ) ,  and t h e  S a t e l l i t e  Power 
System. ( 4 )  

This methodology p rov ides  a v a l u a b l e  new t o o l .  While by n o  means e l i m i -  
n a t i n g  t h e  need f o r  t h e  mature  judgment of experienced managers and de- 
s i g n e r s ,  i t  l a r g e l y  f r e e s  them from the  g r i n d i n g ,  c o s t l y  manipula t ion  of 
huge q u a n t i t i e s  o f  da ta .  And, i t  meets t h e  needs of a l l  t h r e e  l e v e l s  
mentioned above-policy makers,  p l anne r s ,  and designers-- in  a s i n g l e  
sys  t e m .  

By app ly ing  t h i s  methodology, comparat ive and accumulat ive a s s e s s n e n t s  
can be performed wi th  r e l a t i v e  e a s e ,  and f u t u r e  developmental  and com- 
mercial impacts  of materials requirements  can  be addressed.  Its u s e  
w i l l  h e l p  reduce  t h e  u n c e r t a i n t i e s  p r e s e n t l y  sur rounding  m a t e r i a l s  

*As determined by t h e  s y s t e m ' s  s c e n a r i o  ( o u t p u t / s i z e  of u n i t s  and 
number of u n i t s  pe r  yea r ) .  
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requirements  of major s y s t e m s  and a l l o w  qu ick  comparison o f  d e s i g n  a l t e r -  
n a t i v e s .  I t  should a l s o  h e l p  p reven t  m i s s t e p s  t h a t  cou ld  have f a r -  
reaching r a m i f i c a t i o n s .  

In  t h e  remainder of t h i s  r e p o r t ,  w e  d e s c r i b e  t h e  methodology and p r e s e n t  
i l l u s t r a t i o n s  of i t s  a p p l i c a t i o n .  

MATERIALS ASSESSMENT METHODOLOGY ( l )  

One u s u a l l y  t h i n k s  of t h e  f low o f  materials proceeding from raw mate- 
r i a l s  t o  t h e  f i n a l  materials ( F i g u r e  4 ) .  Take f o r  example, copper.  
Copper ore  i s  mined and s e n t  t o  a m i l l  and smelter. The bulk material ,  
copper ,  t h a t  l e a v e s  t h i s  p r o c e s s  may be formed i n t o  a f i n a l  e n g i n e e r i n g  
m a t e r i a l  l i k e  b r a s s  ( a n  a l l o y  of copper  and z i n c ) .  T h i s  b r a s s  may t h e n  
be machined and f a b r i c a t e d  i n t o  hardware components f o r  t h e  SPS o r  some 
o t h e r  s y s t e m .  The t r a c k i n g  p rocess  needed i n  a materials assessment  
fo l lows  t h e  o p p o s i t e  d i r e c t i o n .  F i r s t ,  t h e  amount of  b r a s s  i n  t h e  
s y s t e m  being s t u d i e d  n u s t  be determined. Then t h i s  is t r a n s l a t e d  i n t o  
i t s  bulk m a t e r i a l s ,  one of which i s  copper. A t  t h i s  p o i n t  t h e  bulk 
material copper would be reviewed f o r  p o s s i b l e  c a p a c i t y  c o n s t r a i n t s .  
Next the  copper p roduc t ion  p rocess  would be ana lyzed  and i t s  mater ia l  
needs i d e n t i f i e d :  copper  o r e ,  s u l f u r i c  a c i d ,  s t e e l ,  e l e c t r i c i t y ,  c o a l ,  

(1 1 FIGURE 4 .  THE MATERIALS CYCLE 
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, 

etc. The copper o re  and a l l  of t h e  o t h e r  bulk* and r a w  materials a r e  
then  checked f o r  p o t e n t i a l  c a p a c i t y  c o n s t r a i n t s  and f o r  a v a i l a b i l i t y  of 
r e s e r v e s  and r e sources  . F i g u r e  5 d e s c r i b e s  t h e  foregoing  r e l a t i o n s h i p s  
g r a p h i c a l l y .  The product ion  processes  of t h e  secondary m a t e r i a l s  must 
also be analyzed t o  complete t h e  m a t e r i a l s  assessment.  This  a n a l y s i s  
l o g i c  could  conce ivably  proceed on through s e v e r a l  a d d i t i o n a l  s t e p s  but  
i n  p r a c t i c e  is t e rmina ted  when m a t e r i a l  q u a n t i t i e s  become i n s i g n i f i c a n t .  

RAW MATERIALS 
AND SECONDARY 
BULK MATERIALS 

F I NAL 
ENGINEERING 
MATERIAL 

1 

BULK 
MATERIALS 

I 

I 
I 0 COPPER ORE I 1 I + I . BULK - 
0 SULFURIC ACID 
0 STEEL 
0 ELECTRICITY 

0 COPPER 

r------ 1 

FIGURE 5. TYPICAL CONVERSION CHAIN OR MATRIX 

When t h e  above s i m p l i f i e d  example i s  expanded t o  a o v e r a l l  materials 
assessment  of a t o t a l  s y s t e m  (such  as t h e  S a t e l l i t e  Power System), t h e  
problem becomes much more complex, i n v o l v i n g  large numbers of materials 
and p roduc t ion  processes .  The analysis r e q u i r e d  can best be desc r ibed  
a s  c o n s i s t i n g  of t h e  fo l lowing  e i g h t  basic s t e p s  ( r e f e r  a l s o  t o  
F igu re  6):  

*Bulk m a t e r i a l s  r equ i r ed  t o  produce o t h e r  bulk m a t e r i a l s  (e.g. s u l f u r i c  
a c i d  r e q u i r e d  t o  produce copper) are r e f e r r e d  t o  as “secondary” bulk 
m a t e r i a l s .  
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I 

STEP 1 

1 D E N  I FY SY STD.1' 5 
MATERIALS 

REQUI REHENTS 

- - - - A  

SPECIFY 
PROGRAM 

SCENARIO 

STEP 7 

ANALYZE - 
RESULTS 

I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 

MATER I ALS 
REqUIRING NO 

FURTHER 
ANALYSIS 

I I STEP 3 

COMPUTE ANNUAL 
F INAL  MATERIALS 

REQUIREMENTS 

I 
- 

STEP 4 

ANALYZE EACH 
FINAL NATERIAL'S 

PRODUCTION 
PROCESS AND 

CALCULATE ANNUAL 
BULK AND R A W  

PAT E R I AL S 

ASSESS IMPACT 
CHARACTERIZE THE H OF MATERIALS SYSTEM'S 1 

U T E R I A L S  INDUSTRY I (DATA BASE) REQUIREMENTS 

I CMAP 

n 

OPTIONS I 

FIGURE 6. OVERVIEW OF THE METHODOLOGY 
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S t e p  1.  I d e n t i f y  M a t e r i a l s  Requirements 

The f i n a l  c o n s t r u c t i o n  materials (such as b r a s s ,  c o n c r e t e ,  composi tes ,  
o r  s o l a r g r a d e  s i l i c o n )  f o r  a s y s t e m  under s t u d y  a r e  i d e n t i f i e d ,  p r e f e r -  
a b l y  a t  t h e  component o r  subsystem leve l .  T h i s  r e s u l t s  i n  a l i s t i n g  of 
t h e  q u a n t i t i e s  of a l l  materials r equ i r ed  for t h e  c o n s t r u c t i o n  and i n -  
s t a l l a t i o n  of one system "uni t"  ( such  as one s o l a r  power s a t e l l i t e  and 
i t s  e a r t h b o r n  equipment,  o r  one coa l - f i r ed  g e n e r a t i n g  p l a n t )  producing a 
s p e c i f i e d  amount of energy. 

S t e p  2. S p e c i f y  Program S c e n a r i o  

A " scena r io"  i s  a s t a t e m e n t  of a sys tem's  u l t i m a t e  s i z e  and t h e  t iming  
of i t s  c o n s t r u c t i o n .  The s c e n a r i o  g ives  t h e  number of sys t em u n i t s  t o  
be c o n s t r u c t e d  p e r  yea r  f o r  each  yea r  of t h e  program's  d u r a t i o n .  The 
SPS s c e n a r i o ,  f o r  example, s p e c i f i e s  two s a t e l l i t e  u n i t s  p e r  yea r  
th roughout  t h e  per iod  from 2000 t o  2029, f o r  a t o t a l  of 60 u n i t s  each 
developing  5 g i g a w a t t s  ou tput .  Thus t h e  t o t a l  power output  a t  program 
comple t ion  would be 300 gigawat t s .  

S t e p  3. Compute Annual Materials Requirements 

The annual  materials requi rements  a r e  c a l c u l a t e d  by m u l t i p l y i n g  t h e  
u n i t s  per yea r  by t h e  q u a n t i t i e s  of each f i n a l  m a t e r i a l  i n  one un i t .  

S t e p  4. Analyze Material P roduc t ion  P rocesses  

Each f i n a l  c o n s t r u c t i o n  m a t e r i a l  i s  produced from bulk and secondary 
bulk materials (such  as  copper ,  cement, g r a p h i t e  f i b e r ,  or s u l f u r i c  
a c i d )  and r a w  materials ( such  as sand and g r a v e l ,  o r e ,  o r  t i m b e r ) .  
Q u a n t i t i e s  of a l l  such  materials are  c a l c u l a t e d  by year .  

S t e p  5. Characterize t h e  Materials I n d u s t r y  

For  a l l  materials,  a d a t a  base is developed. It i n c l u d e s  such  f a c t o r s  
as  a v a i l a b i l i t y ,  source ,  p roduc t ion  c a p a c i t y ,  expected growth i n  demand, 
and p r i c e s  on a domest ic  and worldwide basis f o r  each  material. 

S t e p  6. A s s e s s  the System's Impact 

The s y s t e m ' s  annua l  demand f o r  each  m a t e r i a l  ( a s  determined i n  S t e p s  1- 
4) is  compared t o  p e r t i n e n t  in format ion  i n  t h e  d a t a  base f o r  t h a t  mate- 
r i a l .  T h i s  r e v e a l s  t h e  impacts  of t h e  system, expressed  i n  such  terms 
as percen tage  of t o t a l  p r o d u c t i o n  r equ i r ed ,  pe rcen tage  of r e s o u r c e s  con- 
sumed, or dependency on imports .  
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S t e p  7. Analyze the R e s u l t s  

The s i g n i f i c a n c e  of each impact i d e n t i f i e d  i n  S t e p  6 i s  a s s e s s e d  by com- 
p a r i s o n  t o  a predetermined t h r e s h o l d  va lue .  Some impacts  w i l l  be of no  
concern;  o t h e r s  w i l l  r e q u i r e  f u r t h e r  s t u d y .  

S t e p  8. Study A l t e r n a t i v e  Op t ions  

For  t h o s e  materials i n v o l v i n g  s i g n i f i c a n t  u n c e r t a i n t i e s ,  o r  p o t e n t i a l  
c o n s t r a i n t s ,  a l t e r n a t i v e  o p t i o n s  are i d e n t i f i e d  and s t u d i e d .  One o p t i o n  
i s  m a t e r i a l s  s u b s t i t u t i o n s .  I f  t h i s  i s  c o n s i d e r e d ,  S t e p s  1 th rough  7 
are repeated t o  e v a l u a t e  t h e  e f f e c t  of t h e  s u b s t i t u t i o n .  O the r  o p t i o n s  
open t o  managers and p l a n n e r s  f o r  r educ ing  u n c e r t a i n t i e s  i n c l u d e  re- 
des ign ing  a component, subsystem, o r  an  e n t i r e  system; u n d e r t a k i n g  R&D 
aimed a t  a l l e v i a t i n g  a n  u n c e r t a i n t y ;  e x p l o r i n g  f o r  new r e s o u r c e s ;  o r  
developing i n c e n t i v e s  f o r  expanding manufactur ing c a p a c i t y .  

S t e p s  3 through 6 have been automated by developing a computerized 
a n a l y s i s  program and a comprehensive d a t a  base of i n f o r m a t i o n  on 
mater ia ls  and t h e  materials i n d u s t r y .  

The a n a l y s i s  program i s  known a s  t h e  C r i t i c a l  Materials Assessment 
Program (CMAP) and i t s  f u n c t i o n s  a r e  t h o s e  e n c l o s e d  by t h e  dashed l i n e  
i n  F igu re  6 .  CMAP c a n  accumulate  a l l  r equ i r emen t s  f o r  a g i v e n  m a t e r i a l  
r e g a r d l e s s  of t h e  u l t i m a t e  usage  of t h a t  material  i n  a system. I t  can  
g i v e  t h e  bulk and raw c o n s t i t u e n t s  of a m a t e r i a l ;  c a l c u l a t e  t h e  impacts  
of a system's  mater ia ls  r equ i r emen t s  r e l a t i v e  t o  worldwide a v a i l a b i l i t y ,  
s o u r c e ,  demand, e tc . ;  s c r e e n  ou t  m a t e r i a l s  t h a t  are  of no concern;  and 
i d e n t i f y  those  t h a t  are  of concern.  CMAP program o p e r a t i o n  i s  f u r t h e r  
desc r ibed  i n  Appendix A. 

The d a t a  base c u r r e n t l y  c o n t a i n s  about  2000 d a t a  e n t r i e s  cove r ing  more 
than 260 materials. Bulk material  i n f o r m a t i o n  i n c l u d e s  estimates of 
p r e s e n t  and f u t u r e  U.S. and world consumption, p r i c e s ,  U.S.  i m p o r t s ,  and 
dominant non-U. S. s u p p l i e r s .  In fo rma t ion  on raw ma te r i a l s  i n c l u d e s  t h e  
same kind of data p l u s  estimates on U.S.  and world r e s e r v e s  and 
r e sources .  

The in fo rma t ion  base a l s o  i n c l u d e s  d a t a  on t h e  consumption o f  pr imary 
( i n c l u d i n g  by-products) and secondary mater ia ls  r e q u i r e d  t o  produce each  
u n i t  of s t a n d a r d  bulk mater ia l .  

Well over 100 i n f o r m a t i o n  s o u r c e s  have been employed. The s o u r c e s  
i n c l u d e  many government p u b l i c a t i o n s ,  t e c h n i c a l  handbooks, s p e c i a l  
r e p o r t s ,  t e c h n i c a l  p a p e r s ,  t r a d e  a s s o c i a t i o n  and t e c h n i c a l  as- 
s o c i a t i o n  d a t a ,  j o u r n a l  a r t i c l e s  and t h e  l i k e .  Where no secondary 
s o u r c e  d a t a  are  a v a i l a b l e ,  i n f o m a t i o n  h a s  been o b t a i n e d  d i r e c t l y  from 
producers .  A l l  d a t a  e n t r i e s  are  r e f e r e n c e d  f o r  f u r t h e r  examinat ion when 
necessary.  A p a r t i a l  l i s t i n g  of r e f e r e n c e s  used i s  i n c l u d e d  i n  t h e  
r e f e r e n c e  l i s t  a t  t h e  end of t h i s  r e p o r t  ( 5 - 2 5 ) .  
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I n  s h o r t ,  t h e  methodology c o n t a i n s  a d a t a  base on most of t h e  materials 
i n f o r m a t i o n  p l anne r s  and d e s i g n e r s  of systems w i l l  need, and t h e  means 
f o r  r a p i d l y  manipula t ing  t h e  in fo rma t ion  toward t h e  d e s i r e d  end. Any 
i n f o r m a t i o n  on  m a t e r i a l s  which i s  n o t  a l r e a d y  conta ined  i n  t h e  d a t a  base 
can  e a s i l y  be added as requi red .  This  i n fo rma t ion  then  becomes p a r t  of 
the d a t a  Base aid is a v a i l a b l e  t o  f u t u r e  u s e r s .  

USE OF THE METHODOLOGY 

We can best see how t h e  methodology i s  a p p l i e d  by cons ide r ing  some of 
t h e  a c t u a l  a p p l i c a t i o n s  t o  da te .  R e s u l t s  f o r  a p p l i c a t i o n  t o  two systems 
w i l l  be d i scussed  - S o l a r  Heat ing and Cooling of Bui ld ings  (SHACOB) and 
t h e  S a t e l l i t e  Power System. SHACOB w i l l  be d i scussed  f i r s t  because t h e  
s c e n a r i o  s t u d i e d  r e p r e s e n t s  a much smaller s c a l e  program than  t h e  SPS, 
and t h u s  i t  i s  more amenable t o  a b r i e f  review of o v e r a l l  r e s u l t s .  The 
SPS w i l l  t hen  be d iscussed  and emphasis w i l l  be p laced  on one SPS prob- 
l e m  material -- t o  provide  an example of t h e  type  of fol lowup a n a l y s i s  
t h a t  i s  r e q u i r e d  when materials problems are i d e n t i f i e d .  

S o l a r  Heat ing  and Cooling of Buildings (SHACOB)(2) 

The “ scena r io”  s t u d i e d  was a system comprised of equa l  mixtures  of n i n e  
SHACOB systems ( d e f i n e d  i n  Appendix B) u s i n g  a t o t a l  of 500 m i l l i o n  
squa re  meters of c o l l e c t o r s .  Such a system would have a heat-producing 
c a p a c i t y  of about 0.7 Quad Btu). Cons t ruc t ion  w a s  assumed t o  
begin i n  1985, t o  end i n  2000, and t o  f o l l o w  a n  exponen t i a l  growth 
curve ,  wi th  a maximum growth r a t e  i n  any one y e a r  of about 15 percent .  

The bulk and r a w  m a t e r i a l s  a n a l y s i s  and s c r e e n i n g  resu l t s  from a CllAP 
a n a l y s i s  of t h i s  system are shown i n  Tables  1 and 2 ,  r e s p e c t i v e l y .  

E leven  bulk materials, f l agged*  with a s t e r i s k s  i n  Table  1, exceeded 
one o r  more of two s c r e e n i n g  c r i t e r i a :  

0 Nore t h a n  50 pe rcen t  of t h e  supply  comes as a by-product 
whose product ion  i s  l imi t ed  by t h e  p roduc t ion  of t h e  

. p r i n c i p a l  product  

e More than  50 pe rcen t  of  t he  U.S. supply  i s  imported.  

*The Computer program f l a g s  t h o s e  m a t e r i a l s  which exceed p r e e s t a b l i s h e d  
t h r e s h o l d  l e v e l s .  The t h r e s h o l d  va lues  shown i n  Tables  1 and 2 were 
s e l e c t e d  on t h e  basis of judgment and exper ience .  A d e t a i l e d  ex- 
p l a n a t i o n  of t h e  key sc reen ing  f a c t o r s  and t h e i r  t h r e s h o l d  l e v e l s  i s  
con ta ined  i n  Appendix A. 
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( 3 )  TABLE 1. SHACOB BULK MATERIALS REQUIREMENTS 
(CMAP PRINTOUT) 

--____ 
WORLD 

K 4 T  E R I  AL PFPCENT PRODUCTIOV SOLA?"S 5 1, FRON X I S T  PCR tiET 
FACTORS USAGE SUPPLIED P.s GROWTH RATE OF !JOEL0 LARGEST U N I T  F. E f: i : '41 

M l  . BY YQ3LUCT 1976-2003 C O i l S U ! : ~ O I 4  COUYTCY omwi 1.1' (,LT E 2 

THRESHOLD LEVELS - - -  50. l O . % / Y R  10. 35. 15. 5 0 .  

MATER1 ALS 
ALUM I NUI.1 

ASRESTOS 
BROMINE 
CADMIUM 
CARBON BLACK 
CEMENT 
CHROMIUM 
COPPER 
GLASS, F I B E R  
GLASS, SODA L I M  
GY PSUI4 
IRON,  STEEL 
L E A 0  
L I T H I U M  
HAGNESI UM 
FERR0F'ANGA:iESE 
MERCURY 
N I C K E L  
SAND 6 GRAVEL 
STONE 
S I  L I coq 
S I L V E R  
T I N  
WATER 
ZINC 
S T A I N L E S S  STEEL 

ANT 114oriy 

ALKYD R E S I N  
GLUE,PHENX ,FOR 
LUMBER.SOFTW30D 
PHENOL I C RES 1 N 
PVC P L A S T I C  
RUBBCR, SBR 
S I L I C O N E S  
TEFLON 
NYLON 
COTTON F I B t R S  
KRAFT F I B E R S  
URETHANE 
ASPHALT 
NEOPRENE 
ETHYLENE GLYCOL 
POLYETHYLENE 
POLYVINYL FLUOR 
EPOM RUBBE9 
P A I N T  THINNER 
SODIUM OICHROMA 
POLYCARBONATE 
POLYPROPYLENE G 
VITREOUS ENAMEL 

1847663. 
195. 

6258. 
10823. 

502. 
46379. 

21805448. 
791. 

1555843. 
949241. 

6€61600. 
3127. 

19260778. 
9204. 

946. 
706. 

116361. 
36. 

829. 

88702888. 
2699. 

717. 
15096. 

374 16652. 
455750. 

10719. 
9725. 

16298. 
21 86235. 

26466. 
25032. 
51 988. 
64505. 
16803. 

1606. 
728. 
31P. 

136922. 
15062O. 
113014. 
246542. 

488. 

2977. 
l b i 3 1 .  
8447. 
8347. 

115556. 
3'3341. 

722934eo. 

e347 .  

0. 
BO. 
0. 

10. 
100. 

0. 
0. 
0. 
1. 
0. 
0. 
5. 
1. 

13. 
4. 
1. 
0. 
2. 
7. 
0. 
0 .  
0. 

70. 
1 
0. 

25. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 .  
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

7. 0. 
5. 0 .  
3. 0. 
6. 0. 
4. 0. 
2. 0. 
3. 0. 
3. 0. 
6. 1. 
7. 4. 
3. 5. 
3. 0. 
3. 0. 
5. 0. 
7. 1. 
6. 0. 
2. 0. 
3. 0. 
3. 0. 
4. 0. 
3. 0. 
3. 0. 
4. 0. 

7 .  3. 
7 .  0. 
3. 0. 
3 .  0. 
7. 1. 
3. 0. 
3. 3. 
7.  0. 
7. 0.  
7. 2. 
7. 0. 
3. 0. 
3. 0. 
7. 0. 
7. 1. 
7. 0. 

13. 
22. 
31. 

9. 
1 7 .  
12. 
18. 
28. 
13. 

5. 
5. 

10. 
16. 
12. 
2. 

27. 
22. 
18. 
33. 
10. 

3. 
12. 
14. 
28. 

5. 
20. 
30. 

5. 
5. 

20. 
13. 
19. 
14. 
5. 

10. 
20. 
16. 
10. 
5. 
5. 
5. 
5. 

14. 
5. 
5. 
5. 
5. 

10.  
18. 
10. 

5. 
0. 
0. 
0. 
0. 
0. 
2. 
0. 
6. 
1. 
4. 
0. 

12. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
1. 
0. 
1. 
C. 
0. 
0. 
0. 
0. 
0. 
0. 
1. 
0. 
0. 
0. 
0. 
7 .  
0. 
1. 
1. 
0. 
1. 
0. 
0. 
0. 
0. 
0. 
0. 

9. 
54. ' 
85. ' 
0. 

64. ' 
0. 
4 .  

12. 
2. 
1. 

35. 
10. 
15. 
0. 
0. 

9s. 
62. 
7 0 .  
0. 
0. 

11. 
50. 
05. 
0. 
50. * 
15. 
1. 
5. 

12. 
1. 
1. 
4. 
1. 
8. 
2. 
1. 

15. 
5. 
0. 
6. 
i. 
1 .  
5. 
5. 
5. 
1. 
1. 
0. 
0 

eg. 

Note: MT = metric tons 
= threshold exceeded 
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THREShOLL L E V E L S  

P A T E R I A L S  ~- 
AKTIMWiY ORE 
A S B E S T O S  
BAUXITE 
BOKATL 
BUTANE 
C H R O M T E  
CLAYS 
COAL 
CWIL B I T U W L I G H T  
COPPER ORE 
FELDSPAR 
FLUORSPAR 
GYPSUM 
IRON ORE 
LEAD ORE 
L I T H I U M  ORE 
M N G A U E S L  ORE 
MERCURY 
NkTURAL 6AS 
NICKEL ORE 
N I T R O t E N .  F I X E 0  
OXYGEN 
PETROLEUH 
S A L T  
SAND/GRA;'f! 
S I L V E R  GSF 
SO9IUq NITRATE 
STONE 
SULFUR 
TIN ORE 
Z I N C  ORE 
COTTON 
FLAX S E E D  

LUMBER 
SEA YATER 
SOYBEAN 
UATER 
YHEAT 
M I S C .  
STEAM 
LIMESTOIiE 

E L E C T R I C I T Y  

h I L K  BY-PRODUCTS 

COAL. B Y - P R O 0  

COAL B Y - P R 0 3 U C T  2 
PETROLEUM BY-PRO 

PRCXJCTN 
GR%in 

RATE 

7 I/Yr 

i o .  
7. 

9779. 
237. 

55. 
19. 

3376. 
31100. 
17666. 

342711. 
626. 
325. 

1051. 
11 246B. 

609. 
407. 
657. 

1. 
2628. 

169. 
C. 

38. 
;976. 

11724. 
78555. 

511 1. 
1. 

512. 
153963. 

1. 
55. 
1. 

2206. 
173723. 

97680. 
5. 

763. 
71034. 
51 566. 

209933. 
1107392. 

81053. 
7682. 

88703. 

8217. 

28. 

5.  
3. 
5 .  
5 .  
1 .  
3. 
2. 
1. 
1. 
6. 
3.  
5. 
3. 
5. 
3. 
7.f 
3. 
1. 
5. 
3. 
4. 
4. 
3. 
6. 
4. 
4. 
4. 
3. 
3. 
2. 
0. 
2. 
1. 
3. 
1. 
0. 
3. 
3. 
3. 
0. 
5. 
3. 
1. 
3. 
1. 
3. 

0. 
0. 
1. 
1. 
0. 
0. 
0. 
0. 
0. 
1. 
1. 
0. 
0. 
0. 
0. 
1. 
0. 
0. 
0. 
0. 
0. 
0. 
3. 
0. 
c. 
0. 
0. 
0. 
0. 
1. 
1. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 .  
0. 
0. 
2. 
1. 
0. 
0. 
0. 

121e.' 
539. ' 

2235.' 
11. 
20. 

3351 .+ 
0. 
6. 
6. 

1002.' 
5. 

704. + 

175. 
56. 
77. 
53. 

100. 
384. 
245. 

4431 .' 
0. 
0. 

562. ' 
0. 
0. 

373. 
0. 
0. 

93. 
4369.' 

148. 
0. 
0. 
0. 
0. 
0. 
0. 

17. 
0. 
0. 
1. 
0. 
6. 
0. 
6. 

563. ' 

1129.' 
28. 

298. 
0 
2. 

424.' 
0. 
1. 
1. 

439.' 
0. 

151. 
0. 
7. 

38. 
19. 
4. 

573. * 
277. 

5317.' 
0. 
0. 

210. 
0. 
0. 

99. 
0. 
0. 
1. 

1311.' 
34. 
0. 
0. 
0. 
0. 
0. 
0. 
2. 
0. 
0. 
0. 
0. 
1. 
0. 
1. 

210. 

Lci'.-sl 
tc:":-@y 

N?'; - L S - -- 
GO. 

22. 
31. 
31. 
50. 
23. 
23. 
12. 
7. 
7. 

13. 
a. 

19. 
10. 
27 - 
12. 
24. 
22. 

23. 
33. 

5. 
22. 
18. 
18. 
6. 

14. 
16. 

3. 
14. 

20. 
16. 
25. 
20. 
12. 
0. 

12. 
5. 

10. 
0. 

10. 
20. 

7. 
0. 
7. 

18. 

28. 

18. 

75. 
190. 

14. 
10. 
12. 
17. 
0. 

13. 
13. 
85. 
13. 

200. 
11. 
15. 
126. 
49. 
6. 

13. 
93. 
54. 
0. 
0. 

110. 
0. 
0. 

208. 
0. 
0. 

90. 
73. 

154. 
C. 
0. 
0. 
0. 
0. 
0. 
3. 
0. 
0. 
0. 
0. 

13. 
0. 

13. 
110. 

64. 
129. 

9. 
0. 
1. 
4. 
0. 
1. 
1. 

25. 
0. 

120. 
0. 
6. 

13. 
17. 
11. 
36. 

9. 
23. 
0. 
0. 

36. 
0. 
0. 

56. 
0. 
0. 
0. 

20. 
8. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 .  
1. 
0. 
1. 

36. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
1. 
1. 
2 .  
0. 
C. 
0. 
0. 
0. 
0. 
0. 
0. 
6 .  
0. 
0. 
0. 
0. 
1. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
1 .  
0. 
0. 
0. 
0. 
1.  
0. 
0. 
0. 
0. 
0. 
0. 

54. 
85.. 
91. 

3.  
5. 

b9. 
0. 
0. 
0. 

12. 
G. 

79.' 
35. 
23. 
15. 
0. 

95. 
62. ' 

5. 
75. * 
lG. 
0. 

3?. 
7. 
0. 

50. 
1. 
0. 
5. 

85.' 
55.' 
1. 

2G. 
1. 

18. 
0. 
0. 
0. 
0. 
0. 
0. 
2. 
0. 
0. 
0. 

39. 

Note: MT = metric tons 
* = threshold exceeded 
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Analys is ,  however, showed t h a t  t h e s e  f lagged  materials pose no supply 
problem. I n  a l l  cases, consumption f o r  SHACOB u s e  i s  only  a s m a l l  p a r t  
o f  world consumption and c o n s t i t u t e s  only a s m a l l  p a r t  of t h e  s y s t e m ' s  
t o t a l  cos t .  S ince  consumption f o r  s o l a r  u s e  i s  low, t h e s e  m a t e r i a l s  
should  be a v a i l a b l e  i n  t h e  q u a n t i t i e s  r equ i r ed  f o r  solar energy sys t ems  
even i f  t h e  t o t a l  U.S. supply  i s  l i m i t e d  by car te l s ,  p o l i t i c a l  a c t i o n ,  
o r  reduct ions  i n  product ion.  I f  t h e  supply of a p a r t i c u l a r  m a t e r i a l  i s  
l i m i t e d  and compe t i t i on  for i t  i n c r e a s e s ,  p r i c e s  w i l l  probably go up. 
But even then ,  a l a r g e  p r i c e  i n c r e a s e  would be r e q u i r e d  t o  p l a c e  t h e  
m a t e r i a l ' s  c o s t  c o n t r i b u t i o n  t o  t h e  system's t o t a l  c o s t  a t  a n  unaccep- 
t a b l e  l e v e l  and f o r c e  t h e  use  of s u b s t i t u t e s .  

The same type of reasoning  was used i n  c l a s s i f y i n g  t h e  14 raw m a t e r i a l s  
f lagged  i n  Table  2. One c r i t e r i o n  was t h e  same as t h o s e  j u s t  
discussed--net percent  imported.  Again, t h e  e f f e c t  i s  minimal because 
t h e  usage and c o s t s  of t h e s e  raw m a t e r i a l s  are  low. 

Three o t h e r  r a w  m a t e r i a l s  c r i t e r i a  were f lagged  f o r  one o r  more mate- 
r i a l s  i n  t h e  SHACOB a p p l i c a t i o n :  

0 More t h a n  400* percen t  of U.S. r e s e r v e s  consumed by t h e  year 
2000 

0 More t h a n  300* percent  of U.S. r e s o u r c e s  consumed by t h e  
y e a r  2000 

0 More t h a n  7 percen t  i n c r e a s e  r equ i r ed  i n  world p roduc t ion  
growth r a t e .  

Exceeding t h e  cr i ter ia  f o r  U.S. r e s e r v e s  and r e s o u r c e s  means e i t h e r  t h a t  
more of t h e  raw material w i l l  be imported i n  t h e  f u t u r e  or t h a t  U.S. 
r e se rves  and r e sources  w i l l  have t o  inc rease .  H i s t o r i c a l l y  , r e s e r v e s  
and resources  have g e n e r a l l y  i n c r e a s e d  w i t h  t i m e  due t o  cont inued  ex- 
p l o r a t i o n ,  development, and improved technology o r  h i g h e r  p r i c e s  which 
s h i f t  p rev ious ly  uneconomic d e p o s i t s  i n t o  the  r e s e r v e  ca tegory .  Whether 
or n o t  U.S. r e s e r v e s  and r e sources  i n c r e a s e ,  t h e  raw m a t e r i a l s  w i l l  be 
a v a i l a b l e  worldwide i n  s u f f i c i e n t  amounts s i n c e  t h e  c r i t e r i a  f o r  world 
r e s e r v e s  and r e sources  were n o t  exceeded. Again, supply  d i s r u p t i o n s  
w i l l  have l i t t l e  e f f e c t  because t h e  usage and c o s t s  of t h e s e  m a t e r i a l s  
for t h e  SHACOB sys t em are small. Appendix C c o n t a i n s  a d d i t i o n a l  d e t a i l s  
on r e se rves  and resources .  

Only one ma te r i a l - - l i t h ium ore--had a r e q u i r e d  world product  ion growth 
ra te  t h a t  exceeded t h e  7 percen t  t h r e s h o l d  l e v e l .  Once a g a i n ,  however, 
t h e  sma l l  requirement  f o r  t h i s  material i n  t h e  SHACOB system w i l l  be 
s a t i s f i e d  even i f  world p roduc t ion  does n o t  meet demand. Even wi th  
h i g h e r  prices r e s u l t i n g  from demand exceeding supply ,  l i t h i u m  c o s t s  w i l l  
remain a very  small p a r t  of t h e  sys tem's  t o t a l  c o s t s .  

*See Appendix C f o r  exp lana t ion  of t h e s e  va lues .  
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I n  summary, b a r r i n g  extreme s h i f t s  i n  t h e  c u r r e n t  p a t t e r n  of supply ,  
none of t h e  SHACOB bulk o r  raw m a t e r i a l  demands of t h e  s c e n a r i o  s t u d i e d  
appea r  t o  be cause f o r  s i g n i f i c a n t  concern. 

S a t e l l i t e  Power System 

The methodology w a s  a l s o  a p p l i e d  t o  t h e  S a t e l l i t e  Power System mentioned 
earlier. The s c e n a r i o  s t u d i e d  assumed a t o t a l  of 60 sa te l l i t es ,  each  
r a t e d  a t  3 g igawa t t s  of o u t p u t  t o  the  u t i l i t y  d i s t r i b u t i o n  system. I n  
t h e  s c e n a r i o ,  t h e  f i r s t  two s a t e l l i t e s  are scheduled t o  be o p e r a t i o n a l  
i n  t h e  year 2000. Two more w i l l  be completed each y e a r  through 2029, 
p r  ov i d i n g  t h e  f u l l  300-gigawa t t ( 6 0-sa t e l  lit e) ope r a t i o n a l  s ys t em. 

The major components of SPS are: 

0 Launch v e h i c l e s  f o r  t r a n s p o r t i n g  ca rgo  and personnel  i n t o  
low-earth o r b i t  (LEO) 

0 F a c i l i t i e s  and equipment '  i n  LEO f o r  f a b r i c a t i n g  and 
assembling s a t e l l i t e s  and suppor t  f a c i l i t i e s  

0 Vehic les  f o r  t r a n s f e r r i n g  ca rgo  and personnel  i n t o  
ge os ync hr onous o r  b i  t (GEO ) 

0 Faci l i t i es  f o r  c o n s t r u c t i n g  and o p e r a t i n g  t h e  s a t e l l i t e s  i n  
GEO 

e S a t e l l i t e s  c o n s i s t i n g  of p h o t o v o l t a i c  arrays 

0 Microwave power t r ansmiss ion  equipment 

e Ground an tennas  f o r  r e c e i v i n g  microwave t r a n s m i s s i o n s  and 
equipment f o r  conve r s ion  and u t i l i t y  i n t e r f a c i n g .  

A sys tems d e f i n i t i o n  of t h e  SPS may be found i n  " S a t e l l i t e  Power System 
Concept Development and Eva lua t ion  Program" (Reference Sys t e m  
Report) . (Z6)  An e x c e l l e n t  d e s c r i p t i o n  of t h e  SPS i s  conta ined  i n  a 
pape r  by C h r i s t o p h e r  C. K r a f t ,  Jr.(27) F i g u r e  7 is  a n  artist 's s k e t c h  
of one SPS satel l i te  and a ground-receiving antenna.  

Materials assessments  were c a r r i e d  o u t  for two a l t e r n a t i v e  SPS systems.  
One system was based on s i l i c o n  p h o t o v o l t a i c  s o l a r  c e l l s  and t h e  o t h e r  
on g a l l i u m  a r s e n i d e  c e l l s .  Tab le s  3 and 4 show t h e  bulk and raw mate- 
r ia l  a n a l y s i s  and sc reen ing  r e s u l t s  f o r  t h e  295-gigawatt o p e r a t i o n a l  
s i l i c o n  system" ( r equ i r emen t s  f o r  t h e  f i r s t  5-gigawatt  developmental  
system are o m i t t e d  because they  are a t y p i c a l  of t h e  requi rements  f o r  t h e  

S i m i l a r  d a t a  for t h e  g a l l i u m  a r s e n i d e  system a r e  shown i n  Appendix D. 
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FIGURE 7 .  SOLAR POWER SATELLITE 

remaioing 295 g i g a w a t t s  of o u t p u t ) .  The d a t a  i n c l u d e  t h e  materials re- 
qu i r ed  f o r  t h e  s a t e l l i t e s ,  f o u r  s e p a r a t e  t r a n s p o r t a t i o n  s y s t e m s ,  and 
c o n s t r u c t i o n  of assembly f a c i l i t i e s  bo th  i n  low-earth o r b i t  and geosyn- 
chronous o r b i t .  They a l s o  i n c l u d e  materials f o r  c o n s t r u c t i o n  of t h e  
ground-based antenna s y s t e m  which w i l l  c o l l e c t  and c o n v e r t  SPS o u t p u t .  

Seve ra l  materials are  seen  t o  exceed t h r e s h o l d  c r i t e r i a  ( a  few exceed 
two o r  more c r i t e r i a ) ,  c a l l i n g  f o r  f u r t h e r  s tudy .  The fo l lowing  b r i e f  
d i s c u s s i o n  c o n s i d e r s  some i m p l i c a t i o n s  of t h e s e  d a t a  and p o s s i b l e  
remedial  s t r a t e g i e s  f o r  one ma te r i a l - -g raph i t e  f i b e r .  

Under c u r r e n t  t h i n k i n g ,  g r a p h i t e  f i b e r  r e i n f o r c e d  t h e r m o p l a s t i c  (GFKTP) 
w i l l  be t h e  b a s i c  s t r u c t u r a l  load-bearing material  f o r  t h e  SPS sa te l -  
l i t e ,  a s  w e l l  as  f o r  t h e  c o n s t r u c t i o n  f a c i l i t i e s  i n  space.  GFKTP i s  
h e r e  assumed t o  be about 60 p e r c e n t  g r a p h i t e  f i b e r  and 40 p e r c e n t  poly- 
s u l f o n e  the rmop las t i c .  The g r a p h i t e  f i b e r  i s  most commonly produced 
from p o l y a c r y l o n i t r i l e  ( P A N )  f i b e r .  

Based on in fo rma t ion  con ta ined  i n  t h e  d a t a  b a s e ,  t h e  CMAP s c r e e n i n g  pro- 
gram produced t h e  fo l lowing  t o t a l  r equ i r emen t s  f o r  t h e s e  p r i n c i p a l  
bu lk  m a t e r i a l s  f o r  t h e  295-gigawatt s y s t e m :  

* 

Graph i t e  F ibe r  225,000 m e t r i c  t o n s  
PAN F ibe r  508,000 metric t o n s  
Po 1 y s u l  f one 150,000 m e t r i c  t o n s  

* S l i g h t  d i f f e r e n c e s  between t h e  r equ i r emen t s  l i s t e d  h e r e  and t h e  
q u a n t i t i e s  shown i n  Table  3 are  due t o  t h e  s y s t e m ' s  o t h e r  minor 
requirements  f o r  t h e s e  mater ia l s .  
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TABLE 3 .  BULK MATERIALS REQUIREMENTS - 295-GIGAWATT-SILICON 
OPTION (CMAP PRINTOUT) 

SOLAP SCENAnIO: 
INTRODULTION YEAR- 2000 
CUMULATIVf CAPACI'I? 2029- 295. 

ALURIRUn 
A L W I N W  OXIDE 
A?ZTONIA 
ARGON 
ARSENIC 
ARSENIC TRIOXIDE 
BORON OXIDE 
CARBON DIOXIDE 
CAUSTIC SODA 
axEKT 
CHLORINE 
COAL. BITmwous 
COKE 
COPPER 
ELECTRICITY (rm) 
ELECTRODES 
FERRO!WICAISSE 
FERROSILI  ODN 
FERROUS SCRAP, PIIRCUSED 
FLUORSPAR 
GALLIUM 
GALLILRI ARSEWIDE ( D E P )  
cuss. BOROSILIC 
GRAFWITE FIBER.  SYNTHETIC 
H E L I u n  
HYDROCHLORIC ACID 
HYDROGEN 
L M E  
L I Q U I D  FUELS 
I U r n S I U M  
E R C U R Y  
NOLYBDENUn 
NATURAL CAS B E r m  
N I T R I C  ACID 
OXYGEN. CASEOUS 
OXYGEN, LIQUID 
PETROLEUM COKE 
PITCH-IN-TAR 
POLYACRYLONITE FIBER 
POLYSULFONE 
SAND L GRAVEL 
S I L I C A  F I B E R  
S I L I C O N  (MET) 
SILICON (SEC) 
SILVER 
SODIIW CARBONATE 
STAINLESS SEEL 
STEAM 
STEEL 6 IRON 
STONE, CRUSHED 6 S I Z E D  
SULFUR 
SLZFURIC ACID 
T ITAYI LM 
TmGSTEh' 
ZINC . BENZENE. 
.PROPYLENE. 
(NISC. BULK V A E R I A L S )  

0478581. 
23877. 
270773. 
551553. 

238. 
334. 

144398. 
150338. 

1323000. 
10985800. 
167629. 
48702. 

341%511. 
4OSM7. 

1391.L4 
472628. 
974056. 
88551. 

21677632. 
644614. 

224. 
413. 

1136989. 
225650. 

21. 
8398592. 
3686409. 
5737983. 
3271403. 

2268. 
5251. 
118. 

19222171. 
143. 

86157637. 
86754070. 
52091 56. 

5077 12. 
150049. 

2281 0692. 
18131. 

2093%. 
466277. 
2183. 
42598. 
337657. 
399.€+6 
882 12855. 
44727900. 
1419127. 
4212811. 

7316. 
38114. 
480. 

24 S80.  
670353. 
4947962. 

~700508. 

0. 
0. 
0. 

100.4 
100.4 
100.4 

100.4 
20. 

0. 
0. 
0. 
0. 
0. 
1. 
0. 
0. 
0. 
0. 
0. 
0. 

100.. 
0. 
0. 
0.  

92.. 
40. 
0. 
0. 
1. 
2. 

42, 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
70.4 
0. 
0. 
1. 
1. 
0. 
31. 
20. 
0. 

10. 
25. 
0. 
25. 

100.4 

100.4 

7. 
7. 
3. 
5. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
2. 
3. 
6. 
7. 
4 .  
3. 
3. 
3. 
5 -  
7. 
8. 
6. 
30.4 
3. 
4. 
6. 
3. 
3. 
6. 
1. 
5. 
5. 
3. 
5. 
5. 
3. 
4 .  
3. 
8. 
4. 
46.. 
3. 
22.. 

4. 
0 .  
4. 
3. 
3. 
3. 
3. 
3. 
6. 
3. 
2. 
5. 
5. 

0. 
0. 
0. 
1. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 .  
0. 
0. 
0. 
1. 
0. 
0. 
0. 
0 .  

13.. 
14.. 

52.. 
0. 
1. 
0. 
0. 
0. 
0. 
2. 
0. 
0. 
0. 
3. 
7. 
0. 
6. 
0. 
5. 
0. 

88.. 
1. 

0. 
0 .  
0. 
0. 
0. 
0 .  
0. 
0 .  
0. 
2. 
0. 
0 .  
0. 

12.4 

11.4 

13. 
13. 
5. 
25. 
23. 
23. 
39.. 
5. 
5. 
18. 

5. 
20. 
10. 
13. 
0. 

10. 
22. 
10. 
10. 
19. 
40.. 
!O. 

5 .  
35.. 
5. 
5. 

10. 
20. 
18. 
27. 
18. 
17. 
23. 
32. 
21. 
21. 
15. 
5. 

18. 
5. 

10. 
0. 

12. 
IO. 
14. 
10. 
30. 
10. 
16. 
3. 

14. 
39.4 
7. 
20. 
16. 
14. 

14. 

34. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
1. 
2. 
0. 
0. 
10. 
2. 

141 .e 
3. 
1. 
0. 
6. 
0. 
1. 
1 .  
3. 

44. 
0. 
6. 
8. 
1. 
1. 
0. 
0. 
0. 
6. 
0. 
6. 
5. 
1. 
0. 
3. 
2. 
0. 

18. 
8. 
95.. 

1. 
0. 
2. 
6. 
99.. 
0. 
0. 
I .  
0. 
4. 
0. 
0. 
0. 

9. 
9. 
1. 
0. 
39. 
39. 
0. 
0. 
1. 
4. 
1. 

10. 
1. 

12. 
0. 
1. 

96.. 
35. 
0. 

79.. 
55.. 
0. 
1. 
0. 
0. 
2. 
0. 
2. 

39. 
0. 

62.. 
0. 
5. 
1. 
0. 
0. 
0. 
5. 
3. 
5. 
0. 
4. 

11. 
0. 

50.. 
0. 

15. 
0. 
7. 
0. 
0. 
0. 
8. 
54.4 
59.4 
1. 
0. 

Note: + - Beginning in 1995 
4 - 'Ihreshold exceeded 

ICI - Netric tom. 
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TABLE 4 .  RAW MATERIAL REQUIREMENTS FOR SOLAR POWER 
SATELLITE OPERATIONAL SYSTEM (SILICON) 

SOLAR SCENARIO: 
INTRODUCTION YEAR- 2000 
CUMULATIVE CAPACITY 2029- 295. GW 

FACTORS 

THRESHOLD LEVELS- 

BAUXITE 
BAUXITE, BY PROD 
BORON OXIDE 
CHROMITE 
CLAYS 
COAL, BITUMINOUS 
COPPER BYPROD. 
COPPER ORE 
FLUORSPAR ORE 
GYPSUM, CRUDE 
IRON ORE 
LIKESTONE 
M C A N E S E  ORE 
MERCURY ORE 
MOLYBDENUM ORE 
NATURAL GAS 
NImL ORE 
PETBOLElRl . 
RUTILE (CONC. ) 
SALT 
SAND & GRAVEL 
S I L V E R  ORE 
SODA ASH (UT. ) 
STONE 
SULFUR ORE 
TIYBER , LUMBER 
TUNGSTEN ORE 
WATER, SEAWATER 
Z I N C  ORe 

XPRDtWcL %US %US XFRn %WORLD X M R L D  
R A W  CROW SYST RESERV RESOUR ONE RESERV RESOUR PRSNT 

MATERIAL RATE ONE CONSUn CONSUM NAT CONSUM CONSUH COSTS 
USAGE FROK YEAR BY BY NON- BY BY IN NET% 

(lOOOMT) 1 9 9 5 h D  2029 2029 US 2029 2029 $/Kv IMPT - - - --- - --- ---- -- 
7. 10. 400. 300. 60. 300. 200. SO. SO. - - -- - ---- --- -- ----- -- 

39903. 5. 0. 19125.. 2588.. 31. 89. 58. 2. 91.. 
11213. 5. 0. 19055.' 2579.' 31. 89.  58. 0. 91.. 

144. 3. 0. 120. 30. 39. 64.  16. 0. 0. 
259. 3. 0. 100. 3852.' 20. 399.' 6. 0. 09.4 

1582. 2. 0. 0. 0. 12. 0. 0. 0. 0. 
771721. 2. 1. 25. 3. 7. 26. 2. 40. 0. 

1 .  4. 0. 299. 68.  13. 316.' 77. 0. 12. 
57931. 4. 0. 299. 68. 13. 316.. 77. 0. 12. 

527. 2. 0. 618.. 0. 10. 373.. 0. 0. 35. 
142905. 5. 0. 131. 21. 27. 84. 27. 1. 29.  

46143. 3. 0. 0. 0.  20. 0. 0. 5. 2. 

1960. 5 .  0 .  6814.. 1143.1 19. 1402.. 769.. 0.  79.. 

2143. 3. 0. 100. 25. 22. 52. 26. 1. 98.. 
181. 1.  2. 643.' 291. 18. 280. 83. 0. 62.4 
39. 5. 0. 198. 43. 17. 225. 65. 1. 0.  

47425, 5. 0. 698.. 163. 23. 501.. 50. 15. 5. 
2836. 2. 0. 11578.' 30. 33. 160. 67. 0. 70.' 

16. 5. 0. 605.. 199. 98.' 53. 42. 0. 98.. 
329090. 2. 0. 2327.' 761.. 18. 343.4 113. 81.' 39. 

0. 18. 0. 0. 1. 7. 0. 6767. 6. 0. 
0. 6. 0. 0. 0. 0. 9252. 4. 0.  0. 

3122. 4. 0. 921.' 244. 14. 990.r 266.. 0. 50.. 
112. 5. 0. 4. 2.  2. 3. 1. 0.  0. 

0. 0. 0. 0. 
1419. 3. 0. 726.. 236. 14. 417.. 131. 0. 0. 

0. 12. 0. 0. 1. 18. 2146. 1 .  0. 0. 
6365. 3. 2. 1441.. 416.. 21. 275. 96.  1. 54.' 
1635. 0. 0. 0. 0. 0. 0. 0 .  0. 0. 

44728. 3. 0. 0. 0. 3. 

1 1 .  3. 0. 672.' 403.' 20. 436.. 282.' 0. 59.' 

Note: + - Beginning i n  1995 
* = Threshold exceeded 

MT - Metric tone 
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For the first operational year, 7600 metric tons of graphite fiber and 
5100 metric tons of polysulfone will be required. Production of the 
7600 metric tons of graphite fiber will require about 17,200 metric tons 
of PAN fiber. 

The nait step was to examine the requirements for constituent materials 
to produce graphite fiber and polysulfone. These relationships are 
approximately as shown in Figure 8 -  

COhiSTiWENTS OF GRAPHiiE FIBER 
REINFORCED THERMOPLASTIC 

FIGURE 8 .  CONSTITUENTS OF GRAPHITE FIBER AND POLYSULFONE 

In the CMAP screening analysis, none of these materials exceeded the 
criteria, as shown in Table 5 .  

TABLE 5. CONSTITUENT MATERIALS FOR PAN FIBER AND POLYSULFONE 

BULK PERCENT WORLD UAX Z f FROH PRESENT 
MATERIAL SUPPLY PRCDTN SYSTEH O S E  COSTS 
USAGE AS GROKTH 1 YEAR NATION IN RET :: 

Threshold - 50. 10. f 10. 35. 50. 5 0 .  
Levels 
Ammon i a 271,000 0 3.0 0 5 . 0  0 1.0 

MT. ** I?!roRi _ _ _ _ _ _ _ _ _  oSrEOD _!-9T-E- !?_o_R42- N O N r E  -s1!5w-- _ _ _ _ _ _  
-__- - -_-- _---- -- ------ ------ ------ ------- ----- - 

Propylene 670,000 25.0 5.0 0 14.0 0 0 

Benzene 245,000 0 5.0 0 16.0 0 1.0 

Chlorine 168.000 0 3.0 0 5.0 0 1.0 

Sulfuric Acid 4,213,000 20.0 3.0 0 14.0 1.0 0 

*These materials are also required in the production of other materials 
for SPS. They are very common processing materials. 

**HT = Hetric tons. 
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Consequently,  t h e  major u n c e r t a i n t y  connected w i t h  GFKTP i s  t h e  c a p a c i t y  
t o  manufacture g r a p h i t e  f i b e r .  For t h a t  r e a s o n ,  t h e  a n a l y s i s  t u rned  t o  
a c l o s e r  i n s p e c t i o n  of t h e  g r a p h i t e  f i b e r  d a t a  base and t h e  unde r ly ing  
technology. 

Much of t h e  f u t u r e  growth f o r  c a r b o d g r a p h i t e  (C/G) f i b e r  i s  based on 
i t s  p r o s p e c t i v e  widespread u s e  i n  p l a s t i c  composi tes  by t h e  automobile  
i ndus t ry .  I f  t h e s e  p r o s p e c t s  are  r e a l i z e d ,  a growth r a t e  of about 15 
p e r c e n t  p e r  yea r  i s  expected over  t h e  nex t  10 t o  20 y e a r s .  I f  n o t ,  t h e  
growth i n  p roduc t ion  of C / G  f i b e r  may be r e l a t i v e l y  slow--perhaps 3 t o  5 
p e r c e n t  p e r  year .  I f  t h e  h i g h  growth r a t e  p r e v a i l s ,  a v e r y  s u b s t a n t i a l  
i n c r e a s e  i n  U.S. and world p roduc t ion  c a p a c i t y  w i l l  be necessa ry .  (Cur- 
r e n t l y ,  one  U.S. producer  i s  b u i l d i n g  an  360 n t / y r  p l a n t .  The p l a n t  i s  
based on Japanese- l icensed PAN technology) .  

F igu re  9 i l l u s t r a t e s  t h a t ,  t o  meet SPS demands i n  t h e  year 2000, t h e  C / G  
f i b e r  i n d u s t r y ' s  p roduc t ion  w i l l  need t o  i n c r e a s e  30 p e r c e n t  pe r  year 
(assuming t h a t  t h e  automobile  i n d u s t r y  w i l l  make widespread use  of C / G  
f i b e r ) .  We a l s o  can  c a l c u l a t e  t h a t ,  beginning i n  t h e  year 2000, SPS 
would consume 5 2  pe rcen t  of world production--a m a r k e t / p r i c e  p o s i t i o n  of 
s e r i o u s  concern.  

1976 1980 1990 2000 

@ WORLD CONSUMPTION 1976 (215 MT) 
@ EXPECTED GROWTH WITHOUT SPS (6160 MT) 
0 GROWTH REQUIRED WITH S P S  (13,790 MT) 

F I G U R E  9.  GRAPHITE FIBER PRODUCTION 
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T h i s  a n a l y s i s  i s  s t i l l  incomplete  i n  t h a t  i t  d e a l s  w i th  t h e  aggrega te  of 
a l l  C / G  f i b e r .  It a l s o  assumes t h a t  a l l  f i b e r  i s  produced from PAN, 
which i s  t h e  c u r r e n t  t rend .  P l anne r s  and d e s i g n e r s  need t o  under take  a 
more d e t a i l e d  a n a l y s i s  i n  cons ide r ing  t h e  r a m i f i c a t i o n s  of a new 
s y s t e n ' s  impact on materials'  supply and demand, such  as t h a t  desc r ibed  
i n  t h e  fo l lowing  paragraphs .  

C a r b o d g r a p h i t e  f i b e r  technology i s  conplex. The f i b e r  i s  c u r r e n t l y  
produced from one of t h r e e  m a t e r i a l s ,  PAN ( t h e  most common), v i s c o s e  
rayon,  o r  p i t c h  (used i n  a developmental  process) .  There  a r e  many 
g rades  and s p e c i f i c a t i o n s  of each  of t h e s e  p r e c u r s o r  materials. For 
c e r t a i n  v e r y  demanding ae rospace  s t r u c t u r a l  a p p l i c a t i o n s ,  a f i b e r  w i th  
h igh  e l a s t i c  modulus (ove r  50,000,000 p s i )  may be s p e c i f i e d .  

Both PAN and rayon f i b e r s  are based on p l e n t i f u l  c o n s t i t u e n t  m a t e r i a l s  
( a m o n i a  and propylene f o r  PAN and wood p u l p  f o r  rayon)  and ,  t h e r e f o r e ,  
t h e r e  i s  n o  concern  over  t h e i r  raw material requirements .  However, U.S. 
produc t ion  of t h e s e  s p e c i a l  f i b e r s  i s  c u r r e n t l y  v e r y  l i m i t e d .  

Cur ren t  t h i n k i n g  i n d i c a t e s  t h a t  t h e  GFRTP i n  t h e  SPS system w i l l  i n c o r  
p o r a t e  high-modulus g r a p h i t e  f i b e r  u s ing  a rayon precursor .  Although 
high-modulus g r a p h i t e  y a r n s  can  be made from both PAN and rayon,  t h e  
rayon-based g r a p h i t e  y a m s  r e p o r t e d l y  hawe lower d e n s i t y ,  lower  thermal  
c o n d u c t i v i t y ,  and lower c o e f f i c i e n t s  of t he rma l  expansion. These q u a l i -  
t i e s  might make them t h e  p r e f e r r e d  t e c h n i c a l  c a n d i d a t e s  f o r  SPS 
s t r u c t u r e s .  

I n  1977, t h e  U.S.  produc t ion  c a p a c i t y  f o r  t h i s  s p e c i a l  rayon was about  
13,000 t o  14,000 metric tons.  However, t h e  p roduc t ion  c a p a c i t y  f o r  
high-modulus, cont inuous  C/G fiber yarn  based on t h i s  t y p e  of rayon was 
o n l y  abou t  3 metric t o n s ,  and t h a t  by a s ingle  manufacturer .  And, t h e  
cont inued  o p e r a t i o n  of even t h a t  one p l a n t  i s  r e p o r t e d l y  unce r t a in .  

F u r t h e r n o r e ,  t h e  p roduc t ion  y i e l d  f o r  rayon-based g r a p h i t e  f i b e r  i s  on ly  
about  20 pe rcen t .  Thus, t h e  c u r r e n t  c a p a c i t y  o f  14,000 metric t o n s  of 
rayon would produce only  2800 metric t o n s  of g r a p h i t e  y a r n  annually-- 
about  37 p e r c e n t  of t h e  SPS requi rements  f o r  t h e  y e a r  2000. 

And f i n a l l y ,  t h e s e  high-modulus, rayon-based C/G f i b e r s  c o s t  from $660 
t o  $990 p e r  kg, whereas t h e  c u r r e n t  p r i c e  used i n  t h e  d a t a  base 
($57,20/kg) i s  a n  ave rage  f o r  a l l  t y p e s  of g r a p h i t e  f i b e r .  Hence, t o  
c o n s i d e r  t h e  optinum f i n a l  m a t e r i a l ,  t h e  s c r e e n i n g  f a c t o r  " p r e s e n t  c o s t s  
i n  $/KW" should  i n c r e a s e  a t  least  10 t i m e s ,  from $44/KW t o  about  
$440/KW. This  would be t h e  h i g h e s t  material c o s t  c o n t r i b u t i o n  i n  t h e  
system. 

I t  i s  a p p a r e n t ,  t h e n ,  t h a t  f u r t h e r  d e t a i l e d  a n a l y s i s  and p lanning  of 
g r a p h i t e  f i b e r  u s e  i s  needed i f  SPS requi rements  are  t o  be m e t .  F i r s t ,  
a d e c i s i o n  must be made as t o  which k ind  of f i b e r  w i l l  be needed. Fol- 
lowing t h a t ,  v a r i o u s  o p t i o n s  f o r  ach iev ing  t h e  r e q u i r e d  q u a n t i t i e s  c a n  
be explored .  R&D might be launched, f o r  example,  t o  deve lop  b e t t e r ,  
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less  c o s t l y  methods of producing l a r g e  q u a n t i t i e s  of C / G  f i b e r .  Pro- 
curement of growing q u a n t i t i e s  of p r e c u r s o r  f i b e r  f o r  f i n i s h e d  C / G  f i b e r  
i n  advance of a c t u a l  need could p rov ide  t h e  necessa ry  i n c e n t i v e  f o r  t h e  
i n d u s t r y  t o  expand i t s  c a p a c i t y .  (Th i s  avenue raises a n o t h e r  q u e s t i o n ,  
however, of p reven t ing  d e t e r i o r a t i o n  of t h e  p r e c u r s o r  f i b e r  w h i l e  i n  
s t o r a g e . )  Other expansion i n c e n t i v e s  cou ld  be exp lo red .  The impact of 
s u b s t i t u t i n g  o t h e r  materials f o r  GFRTP w i l l  need c o n t i n u i n g  s tudy .  

CONCLUDING REMARKS 

Experience w i t h  t h e  mater ia l s  assessment  methodology h a s  demonstrated 
i t s  p o t e n t i a l  v a l u e  t o  p o l i c y  makers,  p l a n n e r s ,  and d e s i g n e r s .  For  t h e  
f i r s t  t i m e ,  materials a n a l y s e s  of competing systems and d e s i g n s  a re  
p o s s i b l e  on a t r u l y  comparat ive b a s i s ,  s i n c e  they  can  a l l  be performed 
u s i n g  the  same d a t a  base.  T h i s  should e l i m i n a t e  b a r r i e r s  t h a t  c u r r e n t l y  
e x i s t  s o l e l y  because we've been fo rced  t o  compare "app le s  t o  oranges" .  
Communications breakdowns can be avoided.  F u r t h e r ,  t h e  methodology 
e n a b l e s  (and a c t u a l l y  encourages)  "what-if" a n a l y s e s  s i n c e  i t  makes 
them--again f o r  t h e  f i r s t  t ime- - r e l a t ive ly  easy t o  perform. T h i s  f a c t o r  
a l o n e  can ensu re  more e f f i c i e n t ,  more e f f e c t i v e ,  less  c o s t l y  systems. 

To summarize t h e  b e n e f i t s ,  u s e  of t h e  methodology w i l l :  

0 Provide a b e t t e r  b a s i s  f o r  decision-making 

0 Plinimize u n c e r t a i n t i e s  r e g a r d i n g  materials a v a i l a b i l i t y  

0 Prov ide  l e a d  t i m e  i f  R&D o r  major expans ions  of 
manufactur ing c a p a c i t y  prove n e c e s s a r y  

0 Save t i m e  and money 

0 Guide d e c i s i o n s  as t o  t h e  t iming  and u l t i m a t e  s i z e  of new 
s y s t e m s  

Ra i se  t h e  success  p r o b a b i l i t y  of major  new systems v e n t u r e s .  
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APPENDIX A 

CXAP SCREENING PROCESS 

CMAP Program Opera t ion  

CMAP performs t h r e e  p r i n c i p a l  func t ions :  (1) c a l c u l a t i o n  of t o t a l  
materials requi rements ;  (2) de te rmina t ion  ( f o r  each  material)  of a set  
of  parameters  t h a t  c h a r a c t e r i z e  t h e  materials' demand impact;  and ,  (3)  
comparison of t h e  parameter  v a l u e s  so determined w i t h  c e r t a i n  " th re s -  
hold" v a l u e s  f o r  t hose  parameters ,  which, when exceeded, s i g n i f y  poten- 
t i a l  problems. When th re sho ld  va lues  are exceeded,  " f l a g s "  are s e t  on 
t h e  o u t p u t  p r i n t o u t  tha t  c a l l  a t t e n t i o n  t o  t h e  p o t e n t i a l  problem. 

F i g u r e  A - l ( l )  d e p i c t s  CMAP program ope ra t ion .  To f a c i l i t a t e  and 
i n c r e a s e  t h e  f l e x i b i l i t y  of a n a l y s e s ,  CMAP has  been made i n t e r a c t i v e .  
T h i s  means t h a t  i n p u t  d a t a  can be changed whi l e  cases are being ex- 
amined. Thus, t h e  t o p  b locks  of user-suppl ied impact can be changed t o  
ana lyze  d e s i r e d  case v a r i a t i o n s  (e.g. d i f f e r e n t  s c e n a r i o s )  and /o r  t o  
i t e r a t e  based on r e s u l t s .  The bo t ton  l e f t  b locks  c o n t a i n  t h e  b a s e l i n e  
system des ign  c h a r a c t e r i z a t i o n  ( m a t e r i a l  requi rements )  and t h e  materials 
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d a t a  base which are e n t e r e d  by c a r d  deck. These d a t a  cannot be changed 
i n t e r a c t i v e l y ,  but can be upda ted  p e r i o d i c a l l y  a s  needed. 

C a l c u l a t i o n  of mater ia ls  r equ i r emen t s  begins  w i t h  t h e  s y s t e m  materials 
l i s t .  T o t a l  amounts of t h e  m a t e r i a l s  on t h a t  l i s t  r e q u i r e d  t o  suppor t  a 
s p e c i f i e d  program s c e n a r i o  a re  c a l c u l a t e d .  Then, u s i n g  i n f o r m a t i o n  
s t o r e d  i n  t h e  m a t e r i a l s  d a t a  base, p r o d u c t i o n  p rocesses  r e q u i r e d  t o  
produce t h o s e  mater ia ls  a r e  ana lyzed  t o  de t e rmine  secondary bulk mater- 
i a l  and raw m a t e r i a l  requirements .  

Once t o t a l  m a t e r i a l s  demand h a s  been e s t a b l i s h e d  a t t e n t i o n  t u r n s  t o  t h e  
ma te r i a l  parameters  and t h r e s h o l d  v a l u e s  on which t h e  s c r e e n i n g  i s  
based. Since t h e  parameters  of i n t e r e s t  and t h r e s h o l d  v a l u e s  d i f f e r  
somewhat f o r  bulk and raw m a t e r i a l s ,  t h e  s c r e e n i n g  o f  t h e s e  two t y p e s  of 
materials i s  done s e p a r a t e l y  ( s e p a r a t e  ou tpu t  p r i n t o u t s  are produced).  

Be fo re  proceeding w i t h  a g e n e r a l  d i s c u s s i o n  of t h e  s c r e e n i n g  p r o c e s s ,  a 
few a d d i t i o n a l  words r ega rd ing  t h e  t h r e s h o l d  v a l u e s  used a r e  i n  o rde r .  
One of the  parameters  of i n t e r e s t  f o r  bulk m a t e r i a l s  i s  t h e  p roduc t ion  
growth r a t e  r e q u i r e d  t o  meet t h e  demand of t h e  SPS and a l l  o t h e r  
i n d u s t r i e s  ( r e t r i e v a b l e  from the  m a t e r i a l s  d a t a  base) .  The t h r e s -  
hold va lue  f o r  t h i s  parameter  i s  c u r r e n t l y  s e t  a t  10% pe r  year .  Thus, 
i f  t h e  r e q u i r e d  growth r a t e  exceeds 10% a f l a g  i s  s e t  on t h e  p r i n t o u t  
s i g n i f y i n g  t h a t  a p o t e n t i a l  p roduc t ion  c a p a c i t y  problem e x i s t s .  I f  t h e  
m a t e r i a l  i n  q u e s t i o n  h a s  a r e l a t i v e l y  small  p r o d u c t i o n  base (e .g .  graph- 
i t e  r e i n f o r c e d  t h e r m o p l a s t i c )  t h e n  a 10% growth r a t e  might no t  be d i f f i -  
c u l t  t o  achieve.  However, i f  t h e  m a t e r i a l  i n  q u e s t i o n  a l r e a d y  has a 
l a r g e  p roduc t ion  base (e.g. aluminum) t h e n  a 10% growth r a t e  would re- 
p r e s e n t  an  enormous requirement  f o r  a d d i t i o n a l  c a p i t a l ,  l a b o r ,  f a c i l i -  
t i e s ,  e t c . ,  and a d e f i n i t e  problem e x i s t s .  

Thus, i n  r e a l i t y ,  a n  a c c u r a t e  " t h r e s h o l d  va lue"  f o r  a g iven  parameter  
might be d i f f e r e n t  f o r  each  m a t e r i a l  cons ide red .  However, any a t t e m p t  
t o  i n c o r p o r a t e  t h i s  r e a l i t y  i n t o  CMAP would make t h e  automated s c r e e n i n g  
i n t r a c t a b l e  and d e f e a t  i t s  e n t i r e  purpose.  The re fo re  a s ingle  t h r e s h o l d  
v a l u e  i s  p o s t u l a t e d  f o r  each p a r a m e t e r - a  v a l u e ,  based on B a t t e l l e ' s  ex- 
p e r i e n c e ,  t h a t  is r e p r e s e n t a t i v e  and g e n e r a l l y  c o n s e r v a t i v e  f o r  t h e  
m a j o r i t y  of m a t e r i a l s .  These t h r e s h o l d  v a l u e s  a r e  n o t  i n t ended  t o  be 
a b s o l u t e  measures of m a t e r i a l  c r i t i c a l i t y ,  bu t  merely i n d i c a t o r s  t h a t  
can  speed and s i m p l i f y  t h e  a n a l y s i s  of r e s u l t s .  The r e s p o n s i b i l i t y  f o r  
a c c u r a t e l y  i n t e r p r e t i n g  those  r e s u l t s  p r o p e r l y  remains t h e  t a s k  o f  t h e  
experienced a n a l y s t .  

Bulk Materials Sc reen ing  Pa rame te r s  and Thresho lds  

The parameters  of i n t e r e s t  f o r  bulk mater ia ls  a r e  l i s t e d  below. These 
parameters  a r e  determined f o r  each  material  r e q u i r e d .  

0 P e r c e n t  of t h e  m a t e r i a l  which i s  produced as a by-product of 
a n o t h e r  material p roduc t ion  p rocess  
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e World product ion  growth ra te  ( p e r  y e a r )  r equ i r ed  t o  meet SPS 
and a l l  o t h e r  p r o j e c t e d  demands 

e Maximum pe rcen t  demand ( i n  any g iven  y e a r )  of t h e  SPS a s  a 
p o r t i o n  of t o t a l  world demand 

0 Percen t  of t h e  world product ion  a t t r i b u t a b i e  t o  a s i n g l e  
f o r e i g n  source  

Material purchase  c o s t  c o n t r i b u t i o n  t o  SPS power i n s t a l l e d ,  
$ /#W 

0 Net percent of U.S. m a t e r i a l  consunpt ion  t h a t  i s  imported 
(from a l l  f o r e i g n  sources) .  

I n  t h e  fo l lowing  paragraphs  these  parameters  a re  d i scussed ,  t h e  
r a t i o n a l e  f o r  a s s e s s i n g  c r i t i c a l i t y  i s  developed ,  and c u r r e n t l y  &sed 
t h r e s h o l d  v a l u e s  are i d e n t i f i e d .  

Pe rcen t  Suppl ied  as By-Product. The t h r e s h o l d  va lue  i s  set  h e r e  a t  50 
pe rcen t  . The f r e q u e n t  i m p l i c a t i o n  t h a t  by-product dependence i s  con- 
s t r a i n i n g  i s  of t e n  mis leading .  M a t e r i a l s  sometimes cons idered  today as  
by-products may be viewed a t  o t h e r  times as  co-products o r  even primary 
p roduc t s  depending upon supply/demand and m a r k e t / p r i c e  cond i t ions .  
Hence t h e  term by-product material  should not  n e c e s s a r i l y  be viewed ds a 
"low-cost" o r  a n  "undes i r ab le"  m a t e r i a l  p roduct ion  consequence of a 
p rocess  stream. The economics of many e x t r a c t i v e  and manufactur ing 
p rocesses  are h i g h l y  dependent upon by-product/co-product recovery.  
That  economic dependence o r  l eve rage  f r e q u e n t l y  becomes impor tan t  i n  as-  
s e s s i n g  c r i t i c a l i t y  of t h e  m a t e r i a l .  However, where economic dependence 
i s  - not  p r e s e n t ,  on ly  s t r o n g  demand and a t t r a c t i v e  market p r i c e s  w i l l  
b r ing  f o r t h  t h e  c a p i t a l  inves tment  r e q u i r e d  t o  recover  t h e  amounts of 
t h e  by-product m a t e r i a l  needed. 

Growing demand f o r  t h e  primary product  i s  of b a s i c  importance t o  sus- 
t a i n i n g  g iven  l e v e l s  of  by-product product ion .  I f  t h e  s y s t e m  re- 
qui rements  f o r  t h e  by-product material are  s m a l l ,  o r  i f  t h e  market i s  
" g l u t t e d " ,  even d e c l i n i n g  pr imary m a t e r i a l  p roduct ion  l e v e l s  can  main- 
t a i n  adequate  by-product supp l i e s .  

World P roduc t ion  Growth Rate. The t h r e s h o l d  va lue  h e r e  i s  10 pe rcen t .  
Many small volume o r  new m a t e r i a l s  can r e a d i l y  m a i n t a i n  a 10 percen t  an-  
n u a l  r a t e  of growth. However l a r g e  volume, c a p i t a l  i n t e n s i v e  com- 
m o d i t i e s  would have g r e a t  d i f f i c u l t y  i n  s u s t a i n i n g  such  a growth rate. 
Therefore  - any growth ra te  over  5 p e r c e n t  f o r  h igh  volume commodity 
m a t e r i a l s ,  raw o r  b u l k ,  should  a l s o  be reviewed. 

Maximum Percen t  System Demand, One Year World. T h i s  t h r e s h o l d  is  set  a t  
10 percent .  T h i s  f i g u r e  r e p r e s e n t s  t h e  sys tem's  market impact on mater- 
i a l -  consumption a t  i t s  p o t e n t i a l l y  h i g h e s t  demand l e v e l  r e l a t i v e  t o  de- 
mand f o r  t h a t  mater ia l  f o r  o t h e r  uses. A t  h i g h  pe rcen tage  of demand 
l e v e l s ,  t h e  s y s t e m  demand can  be a market d r i v e r ,  perhaps b r i n g i n g  about  
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h i g h e r  p r i c e s  o r  even c a r t e l i z a t i o n .  T h i s  c r i t e r i o n  n a y  a l s o  be viewed 
as a t r i g g e r  f o r  c losed  examinat ion of o p p o r t u n i t y  cos t s - - tha t  i s ,  t h e  
systems p o t e n t i a l  f o r  a d v e r s e  impact on o t h e r  segments of t h e  economy 
demanding t h e  same mater ia l .  

P e r c e n t  From One Nat ion,  Non-U.S. T h i s  t h r e s h o l d  l e v e l  i s  set  a t  35 
p e r c e n t .  I t  r e p r e s e n t s  a measure of supply dominat ion i n  world markets 
by any one non-U.S. n a t i o n .  I f  t h e  system ma te r i a l  demand i s  a l s o  a 
s i g n i f i c a n t  p r o p o r t i o n  of t o t a l  demand, t hen  p o t e n t i a l  f o r  supply d i s -  
r u p t i o n  o r  c a r t e l i z a t i o n  i s  p r e s e n t .  The n a t u r e  of t h e  mater ia l  demand, 
as w e l l  as t h e  dominant n a t i o n  i d e n t i f i e d ,  t h e n  becomes a p a r t  of t h e  
c r i t i c a l i t y  judgment. T h i s  c r i t e r i o n  u s u a l l y  assumes more importance i n  
a s s e s s i n g  raw materials ,  s i n c e  bulk mater ia l  p roduc t ion  among i n d u s t r i a l  
n a t i o n s  tends t o  d i s p e r s e  ove r  t i m e .  

P r e s e n t  Cos t s  i n  $/KW. T h i s  t h r e s h o l d  i s  set  a t  $50.00 pe r  KW of con- 
s t r u c t e d  c a p a c i t y .  T h i s  v a l u e  i s  c a l c u l a t e d  a s  MT r e q u i r e d  x $ per  
MT/system c a p a c i t y  i n  KW. Values f o r  material  i n  e x c e s s  of t h e  $50.00 
t h r e s h o l d  dese rve  c l o s e e x a m i n a t i o n .  I t  should be  emphasized t h a t  t h e s e  
f i g u r e s  r e p r e s e n t  p r e s e n t  bu lk  material  cost--not t h e  p r e s e n t  c o s t  o f  
f a b r i c a t e d  components. The f a b r i c a t i o n  c o s t  of many materials can ve ry  
s u b s t a n t i a l l y  exceed t h e  m a t e r i a l s  c o s t  pe r  se.  S t a t e d  c o s t s  a l s o  a re  
r e p r e s e n t a t i v e  of t h e  p r e v a i l i n g  a r t  f o r  producing t h e  mater ia ls--of  t e n  
i n  low volumes i n  t h e  case of new m a t e r i a l s .  For many newer m a t e r i a l s ,  
t h o s e  product ion c o s t s  can be expected t o  be lowered ove r  time. 

T o t a l  c o s t  of t h e  s y s t e m  a t t r i b u t a b l e  t o  t h e s e  materials becomes s e n s i -  
t i v e  t o  changes i n  p r i c e  o r  r e q u i r e d  volume of t h e  m a t e r i a l s  i n  ques- 
t i o n .  Materials p r i c e  f o r e c a s t s ,  f a b r i c a t i o n  c o s t  d e t e r m i n a t i o n s ,  de- 
s i g n  review and p o s s i b l e  materials s u b s t i t u t i o n s  might be cons ide red .  

Net Pe rcen t  Imported. The t h r e s h o l d  v a l u e  i s  s e t  a t  50 p e r c e n t  and i s  
based on c u r r e n t  l e v e l s  of n e t  U.S. imports .  I f  t h e  maximum volume of 
material  r e q u i r e d  by t h e  system i s  v e r y  small compared t o  t o t a l  U.S. de- 
mand i n  the  same t i m e  f rame,  there i s  probably l i t t l e  c a u s e  f o r  concern 
r e g a r d l e s s  o f  t h e  U.S. import  l e v e l .  For many m a t e r i a l s - - p a r t i c u l a r l y  
raw mate r i a l s - - fo r  which t h e  U.S. i s  dependent on i m p o r t s ,  t h a t  de- 
pendency i s  l i k e l y  t o  grow i n  f u t u r e  y e a r s .  T h i s  i s  a matter o f  g e n e r a l  
economic concern and n o t  n e c e s s a r i l y  r e l a t e d  t o  any s p e c i f i c  system 
under c o n s i d e r a t i o n .  I n  o t h e r  words, w e  would be concerned o n l y  i f  t h e  
s y s t e m  des ign  and i t s  c o n s t r u c t i o n  s c e n a r i o  might s u b s t a n t i a l l y  ex- 
a c e r b a t e  an  a l r e a d y  r ecogn ized  U.S. import  dependency f o r  c e r t a i n  
materials. 

Raw Materials Sc reen ing  Parameters  and Thresholds  

With r e s p e c t  t o  t h e  s c r e e n i n g  of raw materials l e v e l s  of c u r r e n t  re- 
s e r v e s  and r e s o u r c e s  estimates are in t roduced  as  s c r e e n i n g  pa rame te r s ,  
i n  a d d i t i o n  t o  those  i d e n t i f i e d  i n  the bulk m a t e r i a l  d i s c u s s i o n .  I n  
g e n e r a l ,  where t h e  U.S. i s  r e s e r v e l r e s o u r c e  d e f i c i e n t ,  i t  i s  a l s o  import 
dependent.  The f o c u s  of concern i n  t h e s e  cases i s  l e v e l s  of world re- 
s e r v e s  and r e s o u r c e s  and whether t h e  s y s t e m  c o n s t r u c t i o n  would 
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s u b s t a n t i a l l y  c o n t r i b u t e  t o  world r e source  d e f i c i e n c y  o r  t o  s u b s t a n t i a l -  
l y  g r e a t e r  U . S .  impor t  dependency. The c m p l e t e  l i s t  o f  r a w  m a t e r i a l  
s c r e e n i n g  parameters  i s  g iven  below. 

e 

e 

World p roduc t ion  growth r a t e  ( p e r  y e a r )  r e q u i r e d  t o  meet SPS 
and a l l  o t h e r  p r o j e c t e d  demands 

Maximum p e r c e n t  demand ( i n  any  g iven  yea r )  of  t h e  SPS a s  a 
p o r t  i o n  of t o t  a1 world demand 

P e r c e n t  of U.S. reserves consumed by t h e  SPS and a l l  o t h e r  
p r o j e c t e d  demand 

Pe rcen t  of U . S .  r e s o u r c e s  consumed by t h e  SPS and a l l  o t h e r  
p r o j e c t e d  demand 

Pe rcen t  of world reserves consumed by t h e  SPS and a l l  o t h e r  

P e r c e n t  of t h e  world product ion  a t t r i b u t a b l e  t o  a s i n g l e  
f o r e i g n  source  

Pe rcen t  of world r e s o u r c e s  consumed by t h e  SPS and a l l  o t h e r  
p r o j e c t e d  demand 

Material purchase  cost c o n t r i b u t i o n  t o  SPS power i n s t a l l e d ,  
$ /KW 

Net pe rcen t  of U.S. m a t e r i a l  consumption t h a t  i s  i n p o r t e d  
(from a l l  f o r e i g n  sources ) .  

The p rev ious  d i s c u s s i o n s  of parameters  under  "Bulk t l a t e r i a l s  Screening"  
adequa te ly  d e s c r i b e  t h o s e  parameters  which are common t o  bo th  bulk  and 
raw m a t e r i a l s ,  w i t h  t h e  excep t ion  of "World P roduc t ion  Growth Rate" ,  and 
"Percent  From One Nat ion,  Non-U. S. ," where t h e  raw m a t e r i a l  t h r e s h o l d  
v a l u e  i s  d i f f e r e n t .  Therefore  those  d i s c u s s i o n s  w i l l  n o t  be r epea ted  
here .  The two parameters  t h a t  change and t h e  new U.S.  and world r e s e r v e  
and r e s o u r c e  parameters  are d i scussed  below. 

World P roduc t ion  Growth Rate. The t h r e s h o l d  va lue  h e r e  is  7 p e r c e n t  
r a t h e r  t han  t h e  10 pe rcen t  va lue  used for bulk  materials. E x t r a c t i v e  
o p e r a t i o n s  u s u a l l y  r e q u i r e  longe r  l ead  times and are very  c a p i t a l  
i n t e n s i v e .  Sus t a ined  a n n u a l  growth rates of 5 pe rcen t  are  n o t  t o o  un- 
u s u a l  but  7 p e r c e n t  would be. 

P e r c e n t  From One Nation, Non-U.S. The t h r e s h o l d  va lue  h e r e  i s  60 per-  
c e n t  r a t h e r  t han  t h e  35 p e r c e n t  v a l u e  used f o r  bu lk  m a t e r i a l s .  
Developed r e s o u r c e s  tend  t o  be more concen t r a t ed  i n  s p e c i f i c  l o c a t i o n s  
t h a n  bulk  material  product ion  f a c i l i t i e s .  However, t h e  o p p o r t u n i t y  t o  
e x p l o i t  undeveloped r e s o u r c e s  i n  a l t e r n a t i v e  l o c a t i o n s  g e n e r a l l y  exis ts .  
Consequent ly ,  t h e  h i g h e r  t h r e s h o l d  va lue  i s  used. 

U.S. Reserves and Resources  Consumed and World Reserves  and Resources  
Consumed. The t h r e s h o l d  v a l u e s  used a r e  400 p e r c e n t ,  300 p e r c e n t ,  300 
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p e r c e n t  and 200 p e r c e n t ,  r e s p e c t i v e l y .  For  t h e  50-year t ime s p a n  con- 
s i d e r e d ,  t hose  t h r e s h o l d  v a l u e s  a re  q u i t e  c o n s e r v a t i v e  (see Appendix C). 
One could argue f o r  many mater ia l s  t h a t  t h e y  might even comfortably be 
doubled. I n  a n a l y z i n g  U.S.  r e s e r v e s  and r e s o u r c e s ,  s e n s i t i v i t y  t o  dou- 
b l i n g  those  v a l u e s  would be minimal,  s i n c e  w e  are  u s u a l l y  e i t h e r  h i g h l y  
f o r e i g n  source dependent - o r  h a r d l y  a t  a l l .  

S c r e e n i n g  P r o c e s s  

W P  sc reen ing  c o n s i s t s  of comparison of s c r e e n i n g  pa rame te r  v a l u e s  f o r  
each  m a t e r i a l  w i t h  t h e  parameter  t h r e s h o l d  va lues .  CMAP a s k s  whether  o r  
n o t  t h e  th re sho ld  v a l u e  h a s  been exceeded, a n d ,  i f  i t  h a s ,  s e t s  a f l a g  
on t h e  p r i n t o u t  i d e n t i f y i n g  t h e  o t e n t i a l  problem. The r e q u i r e d  l o  i c  
i s  i l l u s t r a t e d  i n  F i g u r e s  A - 2 r 1 )  ( f o r  bu lk  m a t e r i a l s )  and A-37l) 
( f o r  raw m a t e r i a l s ) .  

The r e s u l t s  a r e  reviewed subsequen t ly  i n  a manual p r o c e s s  where 
m a t e r i a l s  a r e  o f t e n  c l a s s i f i e d  a s  " A " ,  "B" o r  "C"  mater ia l s :  

e "A" m a t e r i a l s  a re  t h o s e  regarded a s  c a u s i n g  p o s s i b l y  s e r i o u s  
c o n s t r a i n t s  i n  t h e  l a r g e  s c a l e  implementat ion of p a r t i c u l a r  
d e s i g n s ,  and t h u s  r e q u i r e  f u r t h e r  s t u d y  u s i n g  i n f o r m a t i o n  
not s t o r e d  i n  t h e  d a t a  base. M i t i g a t i n g  s t r a t e g i e s  w i l l  
l i k e l y  he needed t o  avo id  s e r i o u s  implementat ion problems. 

e "B"  m a t e r i a l s  a r e  t h o s e  which r e p r e s e n t  p o t e n t i a l  con- 
s t r a i n t s .  Thresho lds  a r e  exceeded but  problems do not 
appea r  s e v e r e  a n d / o r  m i t i g a t i n g  s t r a t e g i e s  a r e  r e a d i l y  
i d  en t i f  i a  b le. F u r t h e r  s t u d y  may be needed t o  assure 
adequate  supply.  

0 "C" m a t e r i a l s  a r e  t h o s e  t h a t  exceed some t h r e s h o l d  l e v e l s ,  
but a l s o  show by t h e  p r i n t e d  d a t a  t h a t  t hey  a re  not  l i k e l y  
t o  p r e s e n t  a s e r i o u s  c o n s t r a i n t  t o  f u t u r e  deployment. 
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APPENDIX B 

SYSTEMS INCLUDED IN 'RE SHACOB MATERIALS ASSESSMENT 

The fo l lowing  n i n e  sys t ems  were c h a r a c t e r i z e d  i n  t h e  materials 
a s ses smen t :  

Space Heat ing  - Solaron  Corpora t ion  System u s i n g  273 ft2 
of steel  f l a t  p l a t e  c o l l e c t o r s  - a i r  h e a t  t r a n s p o r t .  

Space Heating and Domestic Hot Water - Sola ron  Corpora t ion  
System u s i n g  273 f t 2  of s teel  f l a t  p l a t e  c o l l e c t o r s  - a i r  
h e a t  t r a n s p o r t .  

Domestic Hot Water - Sunworks copper f l a t  p l a t e  c o l l e c t o r s  
(74 f t 2 )  - water and e t h y l e n e  g l y c o l  h e a t  t r a n s p o r t .  

Space Heat ing  and Domestic Hot Water - American He l io the rma l  
Corpora t ion  System u s i n g  268 f t 2  of steel  f l a t  p l a t e  col- 
l e c t o r s  - water  and propylene g l y c o l  h e a t  t r a n s p o r t .  

Space Heat ing  and Domestic Hot Water - Ecosol  Systems, I n c . ,  
h e a t  pump sys t em us ing  258 f t 2  of KTA Corpora t ion  evacu- 
a t e d  tube c o l l e c t o r s  - water h e a t  t r a n s p o r t .  

.* Sipace neai iug aiid L~lii ;~,  6 ~ 2  ~ G Z X Z Z ~ C  !?ZZ WZZPZ - Y - i r t L ~ ~ d  
Air Force  Base, Exchange Main s t o r e  us ing  a b s o r p t i o n  c h i l -  
lers f o r  c o o l i n g  and 8320 f t 2  of Raypak, Inc. ,  f l a t  p l a t e  
c o l l e c t o r s  w i t h  aluminum p l a t e  and copper tub ing  - water  and 
e t h y l e n e  g l y c o l  h e a t  t r a n s p o r t .  

P a s s i v e  Space Heat ing  - c o n c r e t e  trombe w a l l  behind 510 
f t 2  of g l a z i n g .  

P a s s i v e  Space Heat ing  - water tank trombe w a l l  behind 510 
f t 2  of g l a z i n g .  

P a s s i v e  Space Heat ing  - d i r e c t  g a i n ,  masonry w a l l s  behind 
256 f t 2  of g l a z i n g .  

The des ign  v a r i a t i o n s  r e p r e s e n t e d  by t h e  n i n e  systems areas fo l lows .  
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GENERALIZED DESIGN VARIATIONS OF SHACOB 

C o l l e c t o r  N umbe r 

F l a t  p l a t e  5 

Eva cua t ed t u  be 1 

P a s s i v e  3 

Heat T r a n s f e r  

A i r  2 

Liquid 4 

A p p l i c a t i o n  

R e s i d e n t i a l  8 

Comme r c i  a 1 1 

Energy Use 

Direct 7 

Heat pump 1 

Absorpt ion c h i l l e r  1 
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APPENDIX C 

DISCUSSION OF RESERVES AND RESOURCES 

I n  d i s c u s s i n g  i s s u e s  r e l a t i v e  t o  reserves and r e s o u r c e s  i t  is  impor t an t  
t o  unders tand  t h e  d i s t i n c t i o n  made between t h e s e  two terms. The 
r e l a t i o n s h i p  between r e s e r v e s  and resources is  shown i n  t h e  Minera l  
Resource C l a s s i f i c a t i o n  System developed j o i n t l y  by t h e  U.S. Geolog ica l  
Survey and t h e  U.S. Bureau of Mines ( s e e  F i g u r e  C-1). 

T h i s  diagram i l l u s t r a t e s  changing q u a l i t i e s  of r e s o u r c e s  i n  terms of 
i n c r e a s i n g  geo log ic  a s su rance  and i n c r e a s i n g  economic f e a s i b i l i t y .  I n  
t h i s  two-dimensional diagram, r e s e r v e s  a r e  r ep resen ted  by t h e  shaded 
a rea .  I n  this c o n t e x t ,  reserves a r e  de f ined  as t h a t  p o r t i o n  of t h e  
r e s o u r c e  t h a t  i s  l o c a t e d  i n  i d e n t i f i e d  d e p o s i t s  and can be eco- 
nomica l ly  e x t r a c t e d  g iven  c u r r e n t  technology and mine ra l  p r i c e s .  Th i s  
diagram is a s t a t i c  r e p r e s e n t a t i o n  of a dynamic system where t h e  quan- 
t i t y  of r e s e r v e s  i s  c o n t i n u a l l y  changing due t o  changes i n  e x t r a c t i o n  
and mining technology,  f l u c t u a t i o n s  i n  market p r i c e s ,  and a l s o  t h e  ex- 
t e n t  of e x p l o r a t i o n ,  

U.S. government estimates of a v a i l a b l e  r e s o u r c e s  and r e s e r v e s  
h i s t o r i c a l l y  have been ve ry  conse rva t ive .  For  example, c o n s i d e r  t h e  
case of b a u x i t e  (aluminun o r e ) .  Se l ec t ed  U.S. Bureau of Mines e s t i m a t e s  
over  t h e  1945-1977 t i m e  span are l i s t e d  below and shown g r a p h i c a l l y  i n  
F igure  C-2: 

1945 - 
1955 - 3 x lo9 
1965 6 x lo9 
1975 17 x lo9 
1977 24 x lo9 

1 x lo9 t o n s  

Over a 32 year  t i m e  span ,  t h i s  r e p r e s e n t s  a 2400% i n c r e a s e  i n  r e s e r v e  
estimates. 

S i m i l a r l y  b a u x i t e  r e s o u r c e  estimates i n  1963 and 1975 were: 

1963 14.5 x lo9 t o n s  
1975 40 x lo9 

T h i s  r e p r e s e n t s  over  275% i n c r e a s e  i n  r e s o u r c e  e s t i m a t e s  over  a 12-year 
span  ( s e e  a l s o  F igu re  C-2). For comparison of a v a i l a b i l i t y  w i t h  con- 
sumption, t h e  1975 consumption of b a u x i t e  was only  0.3 x lo9 MT (U.S. 
Bureau of Mines e s t i m a t e ) ,  a v e r y  small f r a c t i o n  of r e s e r v e s  and re- 
sources  for what is a r e c y c l a b l e  commodity. 
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IMPROVED MINING 
AND EXTRACTION 
TECHNOLOGY 

I I I I i 
INCREASING DEGREE OF 
GEOLOGICAL ASSURANCE 

Figure  C-1. CLASSIFICATION OF MINERAL RESOURCES* 

*Commodity Data Summaries 1977. Bureau of Mines, 
U . S .  Department of I n t e r i o r ,  Washington, D.C., 1977 
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! FIGURE C-2. BAUXITE AVAILABILITY* 

*Commodity Data Summaries, Bureau of Mines, U.S- Department of I n t e r i o r ,  I 
Washington, D.C.  ( v a r i o u s  years ) .  

Mineral Facts  and Problems (B icentennia l  E d i t i o n ) ,  Bureau of Mines 
B u l l e t i n  667 ,  U.S. Department of I n t e r i o r ,  Washington, D . C . ,  1975- 
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These i n c r e a s e s  are due t o  major new d i s c o v e r i e s ,  t e c h n o l o g i c a l  advances 
i n  recovery p r o c e s s e s  p e r m i t t i n g  i n c l u s i o n  o f  lower g rade  b a u x i t e  o r e s  
and upward movement i n  p r i c e s  f o r  aluminum, e.g. ,  $0.22/ lb  i n  c u r r e n t  
d o l l a r s  i n  1954 t o  $0.40/ lb  i n  1975 t o  $0.6Ot/ lb  today. I n  c o n s t a n t  
1973 p r i c e s ,  t h e  i n c r e a s e  i s  more l i k e  10% t o  15% o v e r  t h e  25-year time 
span. 

Even e s t i m a t e s  of petroleum reserves and r e s o u r c e s  a re  be ing  v a s t l y  
i n c r e a s e d  under  t o d a y ' s  new ground r u l e s  o n  p r i c e s .  A 1978 s t u d y  by t h e  
I n t e r n a t i o n a l  I n s t i t u t e  f o r  Applied Systems Ana lys i s  i n  A u s t r i a  
e s t i m a t e s  2.1 t r i l l i o n  barrels of world o i l  r e s o u r c e s  r e c o v e r a b l e  a t  
$ 2 0 / b a r r e l  i n  1976 dol lars*--a  95  y e a r  supp ly  a t  p r e s e n t  world r a t e s  of 
product ion.  

Assessment of t h e  c r i t i c a l i t y  of mater ia ls  from a r e s e r v e s  and r e s o u r c e s  
s t a n d p o i n t  must a l l o w  f o r  t h e  c o n s e r v a t i v e  n a t u r e  of a v a i l a b i l i t y  
estimates. For  t h i s  r e a s o n ,  materials assessment  t h r e s h o l d  v a l u e s  f o r  
t h e s e  parameters  have been set  a t  h i g h  l e v e l s :  400 p e r c e n t  f o r  U.S. 
reserves,  300 p e r c e n t  f o r  U.S. r e s o u r c e s ,  300 p e r c e n t  f o r  world 
r e s e r v e s ,  and 200 p e r c e n t  f o r  world r e s o u r c e s .  I n  most cases even t h e s e  
v a l u e s  a r e  conse rva t ive .  

~~ 

*Fortune,  September 24, 1979, page 86. 



TABLE D-1. BLZR MATERIALS REQUIRLMENTS -- 295-GIGAWATT SPS 
GaAs OPTION ( C M A P  PRINTOUT) 

s o w  -0: 
ILTMDUCTIOS FEAR- 2000 
LXJHULATIVE CAPACITY 2029- 295. CY 

B I N  

USACE 
Hr. 

FUXORS U A l E R I b t  

II- 

THRESIIDLD LEVELS- 

&LIMIh% 8591759. 
A . X U  37L085. 
ARGUS 137687. 
ARSENIC 46099. 
ARSENIC TRIOXIDE 64532. 
CARBON DIOXIDE 10 51 051 3. 
CAUSTIC SODA 1730575. 
CEMEhT 10985800. 
CHLORINE 681361. 
COY. BITWNOUS 48707. 
COKE 3423 1786. 
COPPLP 285206. 
ELECTRICITY (€3") 268.E+9 
ELECZPODES 90580. 
FERROHANGILYESE 974166. 

FERROUS S C U P ,  PURawED 21669697. 
FLUWSPAI 766910. 
GALLIUM 43378. 
GALLIUM MSE!!IDE (DEP) 79886. 
CBdPilITE FIBEEP, SYhTMTIC 272163. 
KEum 11. 
HYDBDC11LDBIC ACID 196432. 
WDBDFLUORIC ACID 54149. 
HYDROGEK 2398332. 
M O A  16042 1. 
L I.* 63 19792. 

MCNESIUtl 1134. 
.K€RrnY 5251. 
NATUOU. GAS REFINED 11207935. 
NITRIC ACID 174060. 
OXYGEN, GASEOUS 55850565. 
OXYt23l. LIQUID 55847290. 
PETPOLIElJn aKf 3792213. 
PITCH-IN-TAR 2623435. 
POLIACRLONITE f IBER 612367. 
FoLYSULfoRT 181i48. 
SAND b GRAVEL 22783760. 
SAPPHIRE 199184. 
SILICA FIBER 9153. 
SILVER 54752. 
SODIUM CARDOSATE 271913. 
STAIhZES.5 S n E L  312995. 
S T W  315.€+6 
STEEL b IRON 88247973. 
STONE, CRUSHED i SIZED 44727900. 
SULFUR 327322. 
SULFURIC ACID 1014141. 
TEFLON 68027. 
T ITAh'I W 3658. 
TCSGSTES 38114. 
ZIEC 120L5. 
.BESZESE. 57 1002. . P ROPY LE .a. 808610. 
(5iSC. BULK U T E R I A L S )  501 5022. 

FEBmSILIOx 88x1. 

.*nrnra _-. - -e... I --. L .--..., 

Note: + - Beginning in 1995 
= Threshold exceeded 

FIT - )letric tons 

PERCESC 
SUPPLY 
M 

BY-PROD --- 
50. 

0. 
0. 

100.. 
loti.' 
100.. 
100.. 
0. 
0. 
0. 
0. 
0. 
1. 
0. 
0. 
0. 
0. 
0. 
0. 

100.. 
0 .  
0. 

100.. 
92.. 
0. 
40. 
0. 
0. 
R - -  
I. 
2 .  
0. 
0. 
0. 
0. 

100.. 
0. 
0. 
0. 
0. 
0. 
0.  

70.. 
0. 
0. 
1. 
1. 
0. 

31. 
20. 
0. 
0. 
IC. 
25. 
0. 

25. 
-99.7 

PPOrnN 
GROWTH 
BATE 
1995f 

10.2 

7. 
3. 
4. 
4. 
3. 
4. 
3. 
3. 
3. 
2. 
3. 
6. 
7. 
3. 
3. 
3. 

--- 
---- 

3. 
5. 

87.4 
85.. 

32.4 
3. 
3. 
3. 
6. 
20.. 

3. 

6. 
k. 
5. 
3. 
4. 
5. 
3. 
-4 I 
3. 
8. 
4. 
54.. 
33.' 
5. 
0. 
4. 
3. 
3. 
3. 
3. 
3. 
8. 
6. 
3. 
2. 
5. 
5. 

-99.2 

-i -. 

W I  
SYSTM 

1 YEAR 
WELD 

10. 

0. 
0. 
0. 
3. 
3. 
2. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
97.. 
97.. 
57.. 
0. 
0. 
0. 
0. 
30 .* 
0. 

---- 

e. -. 

I FRCm 
O!E 
NATION 
NON-us 

35. 
-- 

0. 
2. 
0. 
0. 
2. 
4. 
0. 
6. 
1. 
6. 
0. 
78.. 
78.' 
6. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
3. 
0. 
2. 
0. 
0. 
0. 

-99.? 

13. 
5. 
25. 
23. 
23. 
5. 
5. 
18. 
5. 

20. 
10. 
13. 
0. 

10. 
22. 
10. 
10. 
19. 
40.. 
10. 
35.. 
5. 
5. 

15. 
10. 
0. 
20. 

27. 
18. 
23. 
32. 
21. 
21. 
15. 
5. 
18. 
5. 
10. 
25. 

0. 
14. 
lii. 
30. 
10. 
16. 
3. 
14. 
14. 
10. 
39 .* 
7. 
20. 
16. 
14. 

-99.? 

: G  -_ .  

PIESENT 
WSTS 
IN "I I 

SIKU m F T  

50. 50. 

34. 9. 
0. 1. 
0. 0. 
16. 39. 
0. 39. 
2. 0. 
1. 1. 
2. 4. 
0. 1. 
0. 10. 
IO. 1. 
2. 12. 
27. 0. 
1. 1. 
1. 98.. 
0. 35. 
6. 0. 
0. 79.f 

118.' 55.' 
190.. 0. 
33.. 0. 
0. 0. 
0. 2. 
0. 0. 
5. 0. 

36. 5. 
1. 2. 

-- - 
-- 

2- .. . .  
0. 
0. 
h.  
0. 
4. 
3.  
1. 
0. 
3.  
3 .  
0. 

540.. 
9. 

36. 
0. 
1. 
5. 

99.. 
0. 
0. 
0. 
2. 
0. 
A. 
C. 
0. 
1. 

-99. ? 

0. 
62 .* 
5. 
1. 
0. 
0. 
0. 
5. 
3. 
5.  
0. 
0. 
&. 
50.. 
0. 

15. 
0. 
7. 
0. 
0. 
0. 
8. 
8. 

54.' 
59.. 

1. 
0. 

-99.7 



D-2 

TABLE D-2. RAW MATERIAL REQUIREMENTS FOR SOLAR POWER 
SATELLITE OPERATIONAL SYSTEM (GA/AS) 

s o w  SCENARIO: 
INTRODUCTION YEAR- 2000 
CUKUUTIVE CAPACITY 2029- 295. CV 

F A a O R S  

THRESHOLD LEVELS- 

BAUXITE 
BAUXITE, BY PROD 
CHRONITE 
CLAY s 
COAL, BIT'VMINOUS 
COPPER BYPROD. 
COPPER ORE 
FLUORSPAR ORE 
G Y P S W ,  C W D E  
IRON ORE 
LINESTONE 
MANGANESE ORE 
MERCURY ORE 
NATURAL GAS 
NICKEL ORE 
PETROLEUH 
Rm1I.E (CONC.) 
SALT 
SAND L GRAVEL 
S I L V E R  ORE 
SODA ASH ( U T . )  
STONE 
SULFUR ORE 
TUNGSTEN ORE 
WATER, SEAWATER 
Z I N C  ORE 

XPRD MAX% %US %US XFRn %WORLD %WORLD 
BAY GROW SYST RESERV RESOUR ONE RESERV RESOUR PRSNT 

UATERLU RATE ONE CONSUH CONSUM NAT CONSUH CONSUn COSTS 
USACE FROMYEAR BY BY NON- BY BY I N  NET% 

(100OMT) 1995+WRLD 2029 2029 US 2029 2029 $/KU WPT -- I_ --e --- --- -- ---- ------- -- 
7. 10. 400. 300. 60. 300. 200. 50. 50. 

40381. 
2 16 890 5. 

240. 
1582. 

325342. 
148. 

4074 5. 
2331. 
527. 

142962. 
48095. 
2143. 
181. 

31082. 
2629. 

323051. 
8. 

4371. 
626. 

78295. 
9. 

44728. 
327. 
6365. 
818. 
267. 

5. 0. 19126.' 2588.' 31. 89. 
9.. 20.*24369.* 3298.' 31. 97. 
3. 0. 100. 3851.. 28. 399.' 

0. 2. 0. 0. 0. 12. 
2. 0. 25. 3. 7. 26. 
4. 0. 299. 68. 13. 316.' 
4. 0. 299. 68. 13. 316.' 
5. 0. 6817.' 1144.' 19. 1403.' 
2. 0. 618.' 0. 10. 373.' 
5. 0. 131. 21. 27. 84. 

0. 3. 0. 0. 0. 20. 
3. 0. 100. 25. 22. 52. 
1. 2. 643.' 291. 18. 280. 
5. 0. 697.e 163. 23. 501.' 
2. 0. 11577.e 30. 33. 160. 
2. 0. 2327.' 761.' 18. 343.' 
5. 0. 605.' 199. 98.' 53. 

0. 6. 0. 0. 0. 18. 
0.  4. 0. 0.  0.  6. 

5. 6. 1033.. 274. 14. 1018.e 
5. 0. 4. 2. 2. 3. 
3. 0. 0. 0. 3. 0. 
3. 0. 725.' 236. 14. 417.' 
3. 2. 1441.' 414.' 21. 275. 

0. 0. 0. 0. 0. 0. 
3. 0. 672.' 403.' 20. 436.' 

58. 
64. 
6. 
0. 
2. 
77. 
77. 
769.. 
0. 
27. 
0. 
26. 
83. 
50. 
67. 
113. 
42. 
0. 
0. 

273.1 
1. 
0. 

131. 
96. 
0. 

282.' 

2. 91.' 
0. 91.' 
0. 89.' 
0. 0. 
17. 0. 
0. 12. - 
0. 12. 
0. 79.' 
0. 35. 
1. 29. 
5. 2. 
1. 98.' 
0. 62.4 
10. 5. 
0. 70.' 

80.' 39. 
0. 98.' 
0. 7. 
0. 0. 
1. 50.. 
0. 0. 
0.  0. 
0. 0. 
1. 54.' 
0. 0. 
0. 59.' 

Note: + = B e g i n n i n g  i n  1995 

* = Threshold exceeded 

HT = Metric tone 
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